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Description

[0001] The invention relates to an apparatus and
method for efficiently compressing information for stor-
age or transmission and an apparatus and method for
decoding the compressed information.

BACKGROUND OF THE INVENTION

[0002] Data compression systems are useful to rep-
resent information as accurately as possible with a min-
imum number of bits and thus minimize the amount of
data which must be stored or transmitted in an informa-
tion storage or transmission system. One of the primary
means of doing this is to remove redundant information
from the original data. In the Proceedings of the Inter-
national Conference on Acoustics, Speech and Signal
Processing, San Francisco, CA March 1992, volume IV,
pages 657-660, a signal compression system was dis-
closed which applies a hierarchical subband decompo-
sition, or wavelet transform, followed by the hierarchical
successive approximation entropy-coded quantizer in-
corporating zerotrees. The representation of signal data
using a multiresolution hierarchical subband represen-
tation was disclosed by Burt etal in IEEE Trans. on Com-
mun. Vol Com-31, No 4. April 1983, page 533. Awavelet
pyramid, or a critically sampled quadrature-mirror filter
(QMF) subband representation is a specific kind of mul-
tiresolution hierarchical subband representation. A
wavelet pyramid was disclosed by Pentland et al in Proc.
Data Compression Conference April 8-11, 1991, Snow-
bird, Utah. AQMF subband pyramid has been described
in "Subband Image Coding", J. W. Woods ed., Kluwer
Academic Publishers, 1991 and |. Daubechies, Ten Lec-
tures on Wavelets, Society for Industrial and Applied
Mathematics (SIAM): Philadelphia, PA, 1992.

[0003] Wavelet transforms otherwise known as hier-
archical subband decomposition have recently been
used for low bit rate image compression because it
leads to a hierarchical multi-scale representation of the
source image. Wavelet transforms are applied to an im-
portant aspect of low bit rate image coding: the coding
of the binary map indicating the locations of the non-
zero values, otherwise known as the significance map.
Using scalar quantization followed by entropy coding, in
order to achieve very low bit rates, i.e., less than 1 bit/
pel, the probability of the most likely symbol after quan-
tization - the zero symbol - must be extremely high. Typ-
ically, a large fraction of the bit budget must be spent on
encoding the significance map. It follows that a signifi-
cant improvement in encoding the significance map
translates into a significant improvement in the com-
pression of information preparatory to storage or trans-
mission.

[0004] To accomplish this task, a new data structure
called a zerotree is defined. A wavelet coefficient is said
o be insignificant with respect to a given threshold T if
the coefficient has a magnitude less than or equal to T.
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The zerotree is based on the hypothesis that if a wavelet
coefficient at a coarse scale is insignificant with respect
to a given threshold T, then all wavelet coefficients of
the same orientation in the same spatial location at finer
scales are likely to be insignificant with respect to T. Em-
pirical evidence suggests that this hypothesis is often
true.

[0005] More specifically, in a hierarchical subband
system, with the exception of the highest frequency sub-
bands, every coefficient at a given scale can be related
to a set of coefficients at the next finer scale of similar
orientation. The coefficient at the coarsest scale will be
called the parent node, and all coefficients correspond-
ing to the same spatial or temporal location at the next
finer scale of similar orientation will be called child
nodes. Fora given parent node, the set of all coefficients
at all finer scales of similar orientation corresponding to
the same location are called descendants. Similarly, for
a given child node, the set of coefficients at all coarser
scales of similar orientation corresponding to the same
location are called ancestors. With the exception of the
lowest frequency subband, all parent nodes have four
child nodes. For the lowest frequency subband, the par-
ent-child relationship is defined such that each parent
node has three child nodes.

[0006] A scanning of the coefficients is performed in
such a way that no child node is scanned before any of
its parent nodes. Given a threshold level to determine
whether or not a coefficient is significant, a node is said
to be a ZEROTREE ROOT if 1) the coefficient has an
insignificant magnitude, 2) the node is not the descend-
ant of a root, i.e. it is not completely predictable from a
coarser scale, and 3) all of its descendants are insignif-
icant. A ZEROTREE ROOT is encoded with a special
symbol indicating that the insignificance of the coeffi-
cients at finer scales is completely predictable. To effi-
ciently encode the binary significance map, three sym-
bols are entropy coded: ZEROTREES, ISOLATED ZE-
ROS, and non-zeros.

SUMMARY OF THE INVENTION

[0007] The invention relates to an apparatus and
method for encoding information with a high degree of
compression and corresponding decoder apparatus
and methods as setout in claims 1, 6, 11 and 12 respec-
tively. The invention relates to the use of zerotree coding
of wavelet coefficients in a much more efficient manner
than previous techniques. The invention also relates to
dynamic generation of a list of coefficient indices to be
scanned, whereby the dynamically generated list only
contains coefficient indices for which a symbol must be
encoded. This is a dramatic improvement over the prior
art in which a static list of coefficient indices is used and
each coefficient must be individually checked to see
whether a) a symbol must be encoded, or b) it is com-
pletely predictable.

[0008] An apparatus for encoding information accord-
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ing to an embodiment of the invention comprises filter
means for forming a wavelet transform of the image,
means for forming a zerotree map from the output of the
filter means, means for setting an initial threshold for en-
coding the wavelet coefficients, means for encoding the
significant coefficients on an initial dominant list from the
coarsest level of the transform and the children of those
coefficients whose indices are appended to the domi-
nant list as the coefficient of the parent is found to be
significant, means for reducing the threshold, means for
refining the estimate of the value of the significant coef-
ficients to increase the accuracy of the coded coeffi-
cients, and means for cycling back to means for encod-
ing the significant coefficients to scan the dominant list
anew at the new, reduced threshold.

[0009] A method for encoding information according
to an embodiment of the invention comprises the steps
of forming a wavelet transform of the image, forming a
zerotree map of the wavelet coefficients, setting an ini-
tial threshold for encoding the wavelet coefficients, en-
coding the significant coefficients on an initial dominant
list from the coarsest level of the transform and the chil-
dren of those coefficients whose indices are appended
to the dominant list as the coefficient of the parent is
found to be significant, reducing the threshold, refining
the estimate of the value of the significant coefficients
to increase the accuracy of the coded coefficients, and
cycling back to scan the dominant list anew at the new,
reduced threshold.

[0010] A further embodiment of the invention also re-
lates to an apparatus and method to decode signals that
have been encoded using the apparatus of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWING

[0011] Fig. 1 is a schematic illustration of parent-child
dependencies of subbands in an image decomposed to
three scales.

[0012] In Fig. 2, the parent-child relationship for three
generations of a subsampled image is illustrated.
[0013] Fig. 3is a block diagram of the image encoder
of Fig. 1

[0014] Fig. 4 is a block diagram of the filter apparatus
used to perform a one-scale subband decomposition of
an image.

[0015] Fig. 5, 6, and 7 are flowcharts illustrating the
coding method of the invention.

[0016] Fig. 8 is a block diagram of the image decoder
of the invention.

[0017] Figs. 9, 10and 11 are flowcharts illustrating the
decoding method of the invention.

DETAILED DESCRIPTION
[0018] For a wavelet hierarchical subband decompo-

sition, the image is decomposed using times two sub-
sampling into high horizontal - high vertical (HH), high
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horizontal - low vertical (HL), low horizontal - high verti-
cal (LH), and low horizontal - low vertical (LL), frequency
subbands. The LL subband is then further subsampled
times two to produce a set of HH, HL, LH and LL sub-
bands. This is done recursively to produce an array such
as that illustrated in Fig. 1 where three subsamplings
have been used. Preferably six subsamplings are used
in practice. The parent-child dependencies are shown
with the arrows pointing from the subband of the parent
nodes to the subbands of the child nodes. The lowest
frequency subband is the top left LL1, and the highest
frequency subband is at the bottom right HH3. In this
example, all child nodes have one parent.

[0019] InFig. 2, the parent-child relationship for three
generations of a subsampled image is illustrated. A sin-
gle parent node 82 has four child nodes 84 correspond-
ing to the same region in the image with times four sub-
sampling. Each child node 84 has four corresponding
next generation child nodes 86 with a further times four
subsampling.

[0020] Inthe previously disclosed method a Dominant
List contains all coefficients for a given pass that have
not yet been found to be significant. In the present in-
vention, for a given pass, the Dominant List will contain
the coordinates of those coefficients for which one of the
following two conditions apply:

1 The coefficient has not yet been found to be sig-
nificant AND, a symbol will be generated on the
CURRENT dominant pass, or

2 The coefficient has been previously found to be
significant BUT one of its descendants satisfied
condition 1).

[0021] What is excluded from the Dominant List ac-
cording to the encoding and decoding of the present in-
vention is the coordinates of those coefficients which
have not yet been found to be significant, but have an-
cestors that are zerotree roots. In this situation, no sym-
bol would be generated. However, under the prior meth-
od, this position would have to be checked to verify this.
The method according to an embodiment of the inven-
tion avoids wasting computation in checking the predict-
ability of coefficients that are part of zerotrees, and thus
predictably insignificant, by dynamically generating the
Dominant List during the dominant pass. At the begin-
ning of a dominant pass, the Dominant List contains the
coordinates of all of the coefficients in the coarsest scale
(lowest frequency ) subband whether or not they have
been previously found to be significant. As this list is
scanned during a dominant pass, if a coefficient in the
coarsest scale subband has not previously been found
to be significant, then one of 4 symbols is encoded: 1)
ISOLATED ZERO, 2) ZEROTREE ROOT, 3) POSITIVE
SIGNIFICANT, 4) NEGATIVE SIGNIFICANT. Specifical-
ly, a ZEROTREE ROOT symbol is used when all of the
descendants of the coefficient under consideration are
either predictably insignificant, or have previously been
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found to be significant. In other words, a ZEROTREE
ROOT implies that for all of the descendants, no symbol
will be generated on the current dominant pass. In the
current invention whenever a coefficient on the domi-
nant list is not coded as a ZEROTREE ROOQOT, the Dom-
inant List for the current pass is appended to include the
children of the current coefficient. Thus, the Dominant
List for the current pass will contain the coordinates of
all coefficients that are not descendants of zerotrees,
and thus the computational cost and compression time
will be significantly faster than that of the prior art.
[0022] Since the lowest frequency subband has chil-
dren in three different subbands, during the scanning of
the subband labeled LL3 in Fig. 1, three separate sub-
lists of child coefficients to be scanned are maintained,
one each for subbands labeled LH3, HL3, and HH3. Af-
ter subband LL3 is finished, the three new sublists are
combined and appended onto the dominant list. From
this point on all coefficients have children in the same
subband. Therefore, whenever a coefficient is not en-
coded as a ZEROTREE ROOQT, the coordinates of its 4
children are appended to the end of the Dominant List.
[0023] In the disclosed means for determining the
scanning order of the wavelet coefficients comprises the
encoder and decoder each maintain two lists of coeffi-
cient coordinates in memory. At the beginning of a dom-
inant pass, a dominant list contains the coordinates of
those coefficients that have not yet been found to be
significant. A subordinate list contains the coordinates
of those coefficients that have been previously found to
be significant with respect to previous, larger, thresh-
olds. Each list contains the coordinates in the order in
which the coefficients will be further processed for cod-
ing. At the beginning of the first stage, all coefficient co-
ordinates are found in an original dominant list and the
subordinate list is empty, since no coefficient has yet
been established as being significant. As coefficients
are determined to be significant or insignificant in the
dominant pass, their entries are moved from the original
dominant list to either the subordinate list, or to a newly
generated dominant list, respectively. The original dom-
inant list disappears after the coefficients associated
with all of its entries have been evaluated, and the new
dominant list and the subordinate list are subsequently
refined at progressively finer thresholds.

[0024] Inthat process, a dominant list contains all co-
efficients for a given pass that have not yet been found
to be significant. In the current invention, for a given
pass, the dominant list will contain the coordinates of
those coefficients which meet at least one of the follow-
ing three conditions: 1) The coefficient has not yet been
found to be significant AND, a symbol will be generated
on the CURRENT dominant pass, or 2) The coefficient
has been previously found to be significant BUT one of
its descendants satisfied condition 1) or 3) The coeffi-
cient is in the coarsest scale (lowest frequency) sub-
band.

[0025] What is excluded in the preferred method as
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opposed to the previous method is the coordinates of
those coefficients which have not yet been found to be
significant, but have ancestors that are ZEROTREE
ROOTS. In this situation, no symbol would be generat-
ed. However, under the previously disclosed method,
this position would have to be checked to verify this.
[0026] This preferred method avoids wasting compu-
tation in checking the predictability of coefficients that
are part of zerotrees, and thus predictably insignificant,
by dynamically generating the dominant list during the
dominant pass. At the beginning of a dominant pass, the
dominant list contains the coordinates of all of the coef-
ficients in the coarsest scale (lowest frequency ) sub-
band whether or not they have been previously found to
be significant. As this list is scanned during a dominant
pass, if a coefficient in the coarsest scale subband has
not previously been found to be significant, then one of
4 symbols is encoded: 1) ISOLATED ZERO, 2) ZERO-
TREE ROOT, 3) POSITIVE SIGNIFICANT, or 4) NEG-
ATIVE SIGNIFICANT. Specifically, a ZEROTREE
ROOT symbol is used when all of the descendants of
the coefficient under consideration are either predicta-
bly insignificant, or have previously been foundtobe sig-
nificant. In other words, a ZEROTREE ROOT implies
that for all of the descendants, no symbol will be gener-
ated on the current dominant pass. In the preferred
method whenever a current coefficient on the dominant
list is not coded as a ZEROTREE ROOT, the children of
the current coefficient are appended to the dominant list
for the current pass. Thus, the dominant list for the cur-
rent pass will contain the coordinates of all coefficients
that are not descendants of zerotree roots, and thus the
computational cost and compression time will be signif-
icantly faster than that of the prior art.

[0027] In the preferred mode of operation for image
coding, since the lowest frequency subband has chil-
dren in three different subbands shown in Fig. 1, during
the scanning of the subband labeled LL3, three separate
sublists of child coefficients to be scanned are main-
tained, one each for subbands labeled LH3, HL3, and
HH3. After subband LL3 is finished, the three new sub-
lists are combined and appended onto the dominant list.
From this point on all coefficients have children in the
same subband. Therefore, whenever a coefficient is not
encoded as a ZEROTREE ROOT, the coordinates of its
4 children are appended to the end of the dominant list.
[0028] Fig. 3is a block diagram of the image encoder
28 shown in Fig.1 of the aforesaid concurrently-filed ap-
plication Serial No. 08/007,465 for an image input 27.
Image encoder 28 includes filter means 100 for the sub-
band decomposition to produce the wavelet transform
of the image 27. The wavelet transform output 102 of
the filter means 100 provides the input to means 104 for
computing the zerotree map 106. The zerotree map is
used to determine if an insignificant coefficient is a ZE-
ROTREE ROOT or has at least one significant descend-
ant. The zerotree map Z for each coefficient is formed
as follows: 1) The magnitude of each coefficient in the
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subband decomposition is copied into the array for the
zerotree map. 2) All bits in the copy except the most sig-
nificant "1" bit for each coefficient are set to zero. This
value is referred to as the initial zerotree map value. The
actual zerotree map value for a coefficient is defined as
the bitwise OR operation between the initial zerotree
map value of itself and the initial zerotree map value of
all of its descendants. This can be computed recursively,
always computing the actual zerotree map value for chil-
dren before their parents, by computing the bitwise OR
operation between its initial zerotree map value and the
actual zerotree map values of its children, which would
have already been computed. Using the bitwise OR op-
eration, a bit position in Z is "1" when either itself or any
of its descendants has their most significant "1" bit at
that position.

[0029] The zerotree map 106 provides the input to
means 108 for computing the initial threshold to be used
in the analysis of the wavelet coefficients. The threshold
is preferably set to values which are powers of two. The
initial threshold is then preferably chosen to be a value
equal to the largest power of two less than the largest
zerotree map value in the coarsest LL subband.
[0030] The output 110 of the means 108 provides the
input to means 112 for encoding the significant coeffi-
cients on the initial dominant list from the LL subband at
the coarsest level (shown in detail in Fig. 5) and their
children whose indices are appended to the dominant
list as the coefficient of the parent is found not to be a
zerotree root (shown in detail in Fig. 6). The subband
decomposition 102, the zerotree map 106, the number
of wavelet scales 101 and the bit budget are additional
inputs to the means 112.

[0031] Once the complete dominant list, including
children has been scanned at threshold T(0), the output
114 of means 112 provides the input to means 116 for
reducing the threshold, preferably in half. The output
118 of means 116 provides the input to means 120 for
refining the subordinate list to increase the accuracy of
the coded coefficients (shown in detail in Fig. 7). The
encoding systemthen cycles back to means 112 (shown
as a dashed line) to scan the dominant list anew at the
new, reduced threshold. The output 122 of means 120
and an output 124 of means 112 provide inputs to an
arithmetic coder 126. The operation of an arithmetic en-
tropy coder for data compression is discussed in Witten
et al., "Arithmetic Coding for Data Compression", Com-
munications of the ACM, Volume 30, No. 6, June 1987,
and in Langdon, Jr. et al., "An Introduction to Arithmetic
Coding", IBM, J. Res. Develop., Vol. 28, No. 2, March
1984.

[0032] Means 128 for encoding the bit stream header
accepts as inputs the number of wavelet scales 101, the
image mean 103, the initial threshold 110 and image di-
mensions 130. The output of means 128 provides an
input to the coder 126. The output of coder 126 is the
encoded, compressed bit stream representative of the
input image.
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[0033] In Fig. 4 filter means 100 for a one-scale sub-
band decomposition of an image is shown. Input signal
202 is horizontally low pass and high pass filtered by
filters 204 and 206 respectively before being horizontal-
ly subsampled by times two horizontal subsampling fil-
ters 208. The horizontally low pass output signal from
filters 204 and 208 is vertically low pass and high pass
filtered by filters 210 and 212 before being vertically sub-
sampled by times two vertical subsampling filters 214,
respectively. Subband components LL and LH appear
at outputs 216 and 218, respectively. Similarly, the hor-
izontally high pass output signal from filters 206 and 208
is vertically low pass and high pass filtered by filters 210
and 212 before being vertically subsampled by times
two vertical subsampling filters 214, respectively. Sub-
band components HL and HH appear at outputs 220 and
222, respectively. The filters associated with the appa-
ratus 200 are preferably digital quadrature mirror filters
(QMF) for splitting the horizontal and vertical frequency
bands into low frequency and high frequency bands. Ad-
ditional scales are produced by repeatedly performing
aone-scale subband decomposition on the LL subband.
QMF filters at each decomposition level are similar to
one another. A reference for this is "Subband Image
Coding", edited by John W. Woods, Kluwer Academic
Publishers, Boston, 1991 and |. Daubechies, Ten Lec-
tures on Wavelets, Society for Industrial and Applied
Mathematics (SIAM): Philadelphia, PA, 1992. More spe-
cifically, specifications of the low and high pass filters
can be found in the Chapter 4, "Subband Transforms"
of that book by E. P. Simoncelli et al. The Appendix of
that Chapter provides details of the filter design. The de-
composition itself is also disclosed in "A Practical Ap-
proach to Fractal-Based Image Compression" by A.
Pentland and B. Horowitz, Proceeding of the Data Com-
pression Conference 1991, Snowbird UT, page 179, Fig.
2.

[0034] The bit budget may be a function of a variety
of factors, such as the product of the desired bit rate (e.
g., 0.25 bits/pel) and the number of coefficients to be
coded (in this case 262,144 subband coefficients for a
512 x 512 image), the capacity of a modem by which
the coded bit stream will be transmitted, or the capacity
of a disk or tape used to store the coded bit stream.
[0035] The threshold is typically progressively re-
duced by a factor of 2, although other factors may be
selected depending on the requirements of a particular
system. The threshold has to be a power of two for the
bitwise operations to work and is preferred. In the dom-
inant pass three coefficient possibilities (positive signif-
icant, negative significant and insignificant) are coded
using an alphabet of four symbols. The four symbols are
"0" representing an insignificant isolated zero coeffi-
cient, "1" representing an insignificant ZEROTREE
ROOT, "2" representing a positive significant coefficient,
and "3" representing a negative significant coefficient.
The "1" ZEROTREE ROOT symbol is the only "grouped"
symbol and can occur only in the case of a coefficient
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with descendants. Although five coding possibilities ex-
ist, only the four listed coding symbols are used. The
uncoded fifth possibility, an insignificant coefficient de-
scending from a ZEROTREE ROOT, is implicitly coded
when a "1" ZEROTREE ROOT symbol is encoded for
the ancestor.

[0036] The method for for determining the signifi-
cance of the coefficients from the LL subband at the
coarsest frequency on the initial dominant list and of the
descendants in all other subbands after they are ap-
pended to the dominant list are described with reference
to Figs. 5 and 6, respectively. These operations are re-
peated in a loop for later, smaller thresholds. Coding
starts by obtaining the coordinates of the first coeffi-
cients from the low-low dominant list. The list is defined
such that each entry is an ordered pair (x,y) coordinate
of an associated element of the subband decomposition
for which a coefficient has been generated and placed
in memory at the prescribed address. The processing
order for the low-low subband is generated in accord-
ance with a so-called Peano-Hilbert plane filling curve
as discussed in Lempel et al., "Compression of Two-Di-
mensional Data", IEEE Transactions on Information
Theory, No 1. January 1986. In Fig. 14 a diagram of an
sequence for scanning positions in a subband is shown.
[0037] In Fig. 5 the data structure 702 of a wavelet
coefficient x includes a sign bit 704, magnitude bits 706
and Significance Flag bit 708. At system startup, prior
to any encoding, the Significance Flag bit 708 for all co-
efficients is initially set to FALSE (0). When a coefficient
is found to be significant using the means described in
Figs. 5and6, its Significance Flag bit will be setto TRUE
(1) and will remain TRUE (1) for all future passes at all
smaller thresholds.

[0038] In Fig. 5 at the start of the coding process the
dominant list includes only the coordinates of the coef-
ficients from the lowest frequency (coarsest) subband,
eg LL3 in Fig. 1. The method starts with the step 710 of
fetching the coordinates of the first coefficient on the LL
dominant list and the step 712 of feiching the value x of
the first coefficient on the LL dominant list. Step 714 is
comparing the magnitude of x with the initial threshold
T. If the answer is NO, then the Significance Flag bit for
the coefficient is checked in step 716. If the Significance
Flag bit is FALSE, the zerotree map value Z is fetched
in step 718 and compared in step 720 with the threshold
value T in a bitwise AND (&) operation to determine
whether the coefficient is a ZEROTREE ROOT or an
ISOLATED ZERQO. If it is a ZEROTREE ROOT, then a
ZEROTREE ROOT symbol is generated in step 722 and
coded in the arithmetic coder. The arithmetic coder mod-
el is then updated in step 724 and the system recycled
through steps 726, 728, 730 and 732 to update the bit
budget, increment the index on the dominant list, com-
pare indices to determine whether the initial LL domi-
nant list has been fully scanned and determine whether
the bit budget has been exceeded. If it is a ISOLATED
ZERO, then an ISOLATED ZERO symbol is generated
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in step 734 and coded in the arithmetic coder. The arith-
metic coder model is then updated in step 736, the in-
dices of the three children of the coefficient are append-
ed to the corresponding dominant list in step 738 and
the system recycles as before. If in step 716 the Signif-
icance Flag bit is TRUE, then no symbol is generated
for the arithmetic coder, but the indices of the three chil-
dren of the coefficient are still appended to the corre-
sponding dominant list in step 738 and the system re-
cycles are before.

[0039] If the answer is YES at step 714, the sign of
the coefficient is determined in step 740 to be POSITIVE
or NEGATIVE. In step 742 (shown in dashed box), de-
pending upon whether the coefficient is POSITIVE or
NEGATIVE, a POSITIVE or NEGATIVE symbol is gen-
erated, coded into the arithmetic coder, and the arith-
metic coder model is updated for a POSITIVE or NEG-
ATIVE symbol respectively. The magnitude of the coef-
ficient x is then is then appended to the Subordinate List
in step 744. In step 746 the Significance Flag is then set
to be TRUE and the magnitude of the coefficient x is set
equal to zero. The three children of the coefficient are
then appended to the corresponding Dominant List in
step 738.

[0040] This procedure is repeated for each coefficient
on the LL Dominant List until all coefficients are coded
and the end of the LL Dominant List is detected in step
730. At that point the three lists of children of the LL
Dominant List coefficient are then concatenated to form
a single list appended to the Dominant List and the cod-
ing process continued as indicated by step 752 and as
illustrated in Fig. 6.

[0041] In Fig. 6 at the start of the coding process the
dominant list includes the coordinates of the coefficients
which are children of coefficients of the lowest frequency
(coarsest) subband which were not found to be zerotree
roots for the current threshold T. The method starts with
the step 810 of fetching the coordinates of the first co-
efficient on the child dominant list and the step 812 of
fetching the value x of the first coefficient on the child
dominant list. Step 814 is comparing the magnitude x
with the initial threshold T. If the answer is NO, i.e. the
magnitude of x is less than T, then the Significance Flag
bit for the coefficient is checked in step 816. If the flag
bit is found to be TRUE, the coefficient is known to have
been found to be significant during a prior dominant
pass and its children are appended to the Dominant List.
If the flag bit is found to be FALSE then the zerotree map
value Z is fetched in step 818 and compared in step 820
with the threshold value T in a bitwise AND (&) operation
to determine whether the coefficient is a ZEROTREE
ROOT or an ISOLATED ZERO. In step 822 (shown in
dashed box), depending upon whether the coefficient is
a ZEROTREE ROOT oran ISOLATED ZERO, a ZERO-
TREE ROOT or an ISOLATED ZERO symbol is gener-
ated, coded into the arithmetic coder, and the arithmetic
coder model is updated for a ZEROTREE ROOT or an
ISOLATED ZERO symbol respectively. If the coefficient
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is found to be a ZEROTREE ROOT, then the system
recycled through steps 826, 828, 830 and 832 to update
the bit budget, increment the index on the dominant list,
compare indices to determine whether the Dominant
List has been fully scanned and determine whether the
bit budget has been exceeded. If it is a ISOLATED ZE-
RO, then the indices of the children of the coefficient are
appended to the corresponding dominant list in step 838
and the system recycled as before.

[0042] |If the answer is YES at step 814, the sign of
the coefficient is determined in step 840 to be POSITIVE
or NEGATIVE. In step 842 (shown in dashed box), de-
pending upon whether the coefficient is POSITIVE or
NEGATIVE, a POSITIVE or NEGATIVE symbol is gen-
erated, coded into the arithmetic coder, and the arith-
metic coder model is updated for a POSITIVE or NEG-
ATIVE symbol respectively. The magnitude x of the co-
efficient is then appended to the Subordinate List in step
844. In step 846 the Significance Flag is then set to be
TRUE and the magnitude of the coefficient is set equal
to zero. The children of the coefficient are then append-
ed to the corresponding Dominant List in step 838.
[0043] This procedure is repeated for each coefficient
on the Dominant List and all that are appended during
the cycling of this process until all coefficient are coded
and the end of the Dominant List is detected in step 830.
Atthat point all the coefficients have been coded for that
threshold level T the process continues as indicated by
step 848 in which the threshold is cut in half and the
Subordinate List scanned in step 850, and as illustrated
in Fig. 7, to increase the precision of the coefficients
have thus far been found to be significant. Once the
Subordinate List is completed, the system returns to the
LL Dominant List and repeats the process illustrated in
Figs. 5 and 6 at the new threshold T/2 until the bit budget
is exceeded in step 832 and the system stops scanning
as indicated by step 852.

[0044] Once the scan of the entire Dominant List in-
cluding all appended coefficient has been completed,
the Subordinate List coefficients are further refined by
the coding process illustrated in Fig. 7.

[0045] In Fig. 7, the refinement of the value of the co-
efficients placed on the Subordinate List during the scan
of the Dominant List at the threshold level T is carried
out at a threshold level of T/2. In the preferred mode of
operation the threshold level is always a power of 2 and
can be described in a binary code by a string of ones
and zeroes. Thefirst step 902 is clearing the Bottom List,
to be defined later. A mask M is then defined as the bit-
wise OR of all the previous thresholds. The mask M then
has ones in each bit position up to but excluding the bit
position representative of the current threshold level.
Step 906 initializes a reference bit string W equal to the
bitwise AND of the magnitude x of the first coefficient on
the Subordinate List and the mask M. Step 908 is the
first step in the loop to scan all the coefficients on the
Subordinate List for all previous thresholds. Step 910
sets a second reference bit string Y equal to the bitwise
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AND of the magnitude x of the first coefficient on the
Subordinate List and the mask M. This step is repetitive
of step 906 for the first coefficient but takes on different
values as other coefficients are scanned. Step 912 com-
pares the values of the first and second reference bit
strings W and Y. The answer is YES for all coefficient
on the Subordinate List on the first pass since all are
greater that the first threshold level.

[0046] Step 914 is a bitwise AND comparison of the
magnitude x of the coefficient with the present threshold.

and the threshold T = 010000 the YES/NO decision de-
pends upon whether the second bit in x is a one or zero.
If a one, then the magnitude of x is greater than a level
of 117?27 or in the upper half of the range between
threshold T and the previous threshold 2T. If a zero, then
the magnitude of x is less than a level of 11?777 or in
the lower half of the range between threshold T and the
previous threshold 2T. Thus an additional bit of accuracy
has been gained in assessing the value of the particular
coefficient. If a YES, the symbol "1" is coded into the
arithmetic coder and the model is updated in steps 916
and 918, respectively. If a NO, the symbol "0" is coded
into the arithmetic coder and the model is updated in
steps 920 and 922, respectively. The coefficient is then
removed from the Subordinate List and added to a sep-
arate list, the Bottom List, which holds all coefficients in
the lower half of the range. This is the sequence on the
first scan of the Subordinate List since all coefficients
are greater than T.

[0047] The system then cycles through steps 926,
928, 930 and 932 which update the bit budget, incre-
ment the index on the Subordinate List, determine
whether the end of the Subordinate List has been
reached or not and tests to determine whether the bit
budget for the storage or transmission channel has been
exceeded. The system is then ready to test the next co-
efficient.

[0048] Once all coefficients on the Subordinate List
for that subordinate pass have been evaluated, the end
of the Subordinate List has been reached and the sys-
tem exits the scanning loop. Step 934 appends all co-
efficients on the Bottom List to the end of the Subordi-
nate List. This step restores the coefficients on the Bot-
tom List to the Subordinate List and places them at the
end of the list, thereby completing a sorting the coeffi-
cients by their value. Step 936 the returns the system to
encoder 112 of Fig. 3and corresponding step 710 of Fig.
5to startanew scan of the LL Dominant List at threshold
T.

[0049] Once the next scan of the Dominant List, in-
cluding children, is completed, the Subordinate List has
been supplemented by all those coefficients having val-
ues between T and 2T. The scan proceeds as before
except when the bitwise AND of the present coefficient
and the mask M equal to Y does not equal the bitwise
AND of the mask M with the first coefficient on the Sub-
ordinate List equal to W, certain to be a large value.
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Then, in step 938 the entire Bottom List accumulated to
that point in the scan of the Subordinate List is inserted
in the Subordinate List immediately in front of the
present coefficient. Step 940 clears the Bottom List and
step 942 sets Y = W. The scan process then returns to
the loop at step 914. Thus the subordinate list is contin-
ually sorted to arrange the coefficients in order of de-
creasing magnitude with each successive scan at a
threshold reduced by a factor of two from the previous
threshold.

[0050] The decoder 1000, which operates in the con-
verse of the encoder 28 of Fig. 3, includes means 1002
for decoding the incoming bit stream 1004 to separate
the header bits from the data bits. The data bits are pro-
vided as an input 1006 to the Dominant List decoder
1008. Additional inputs to decoder 1008 are the image
dimensions 1024, the starting threshold 1025 and the
number of wavelet scales 1026 which are also outputs
of the means 1002. The operation of decoder 1008 is
illustrated in Figs. 9 and 10. Dashed line 1010 indicates
the loop performed within decoder 1008 as the Domi-
nant List with the appended children are scanned. Once
the entire Dominant List, including appended children,
is scanned for the first threshold, the threshold is cut in
half in means 1012 and the Subordinate List is proc-
essed in means 1014. Dashed line 1016 indicates the
loop performed once the Subordinate List has been re-
fined at the new threshold value back to the decoder
1008 to scan the Dominant List at the new threshold.
[0051] The outputs of the decoder 1008 and the
means 1014, 1018 and 1020 respectively, provide the
values of the wavelet coefficients to means 1022 for
constructing the wavelet transform array. Additional in-
puts to means 1022 are the image size 1024, the
number of wavelet scales 1026 and the output 1028 of
means 1030 for initializing the by setting all Significance
Flags to be FALSE and the magnitudes of all coefficients
to be zero. The output 1032 of means 1022 is the array
of wavelet coefficients representative of the transmitted
image. The output 1032 provides an input to means
1034 for computing the inverse wavelet transform of the
array of wavelet coefficients. Additional inputs to means
1034 are the image size 1024 and the number of wavelet
scales 1026. The method for performing the inverse
wavelet transform has been described in "Subband Im-
age Coding", J. W. Woods ed., Kluwer Academic Pub-
lishers, 1991 and |. Daubechies, Ten Lectures on Wave-
lets, Society for Industrial and Applied Mathematics
(SIAM): Philadelphia, PA, 1992.

[0052] The output 1036 of the means 1034 provides
an input to means 1038 for adding the image mean to
the inverse wavelet transform. The image mean output
1040 from decoder means 1002 provides a second input
to means 1038. The output 1042 means 1038 is the
transmitted image reconstructed to the extent possible
given the number of bits transmitted.

[0053] Figs. 9-11 are flowcharts illustrating the decod-
ing procedure for a signal compressed using the proce-
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dure described in Figs. 5-7.

[0054] In Fig. 8 at the start of the decoding process
the dominant list includes only the coordinates of the co-
efficients from the lowest frequency (coarsest) subband,
eg LL3in Fig. 1. The decoder knows the protocol for the
order in which the coefficients are scanned on compres-
sion, so that it knows the location of all coefficients. The
method starts with the step 1102 of fetching the coordi-
nates of the first coefficient on the LL dominant list fol-
lowed by the step 1104 of checking the identity of the
Significance Flag. If the Flag is TRUE, ie the magnitude
of the coefficient is greater than an initial threshold T,
then the indices of the three children of the coefficient
are appended to the dominant list in step 1106. The sys-
tem is then cycled through steps 1122 and 1124 to in-
crement the index on the dominant list, compare indices
to determine whether the initial LL dominant list has
been fully scanned. In the first Dominant List pass, all
Significance Flags have the initial value FALSE. How-
ever, once a Significance Flag is set to be TRUE, it will
remain TRUE for the entire decoding process on all fu-
ture Dominant List passes.

[0055] Step 1102 fetches the next coefficient in the
scan. If the Significance Flag is not TRUE, i.e., the mag-
nitude of the coefficient is less than 2T, then a symbol
from the arithmetic decoder is decoded in step 1108. In
step 1110 a comparison is made to determine if the end
of the bit stream has been reached. If YES, the decoding
process is complete. If NO, then steps 1112 and 1114 in
sequence determine whether the sign bit is POSITIVE
or NEGATIVE. Step 1116 then equates the coefficient
to either +3T/2 or -3T/2 depending upon whether the
sign bit is POSITIVE or NEGATIVE. The model is then
updated for a POSITIVE or NEGATIVE symbol. The po-
sition of the coefficient is then appended to the Subor-
dinate List in step 1118 and the Significance Flag for this
coefficient is then set to TRUE in step 1120. The indices
of the three children of the coefficient are each append-
ed to the corresponding dominant list in step 1106, as
was done at the encoder in step 738. The system is then
cycled through steps 1122 and 1124 to increment the
index on the dominant list, compare indices to determine
whether the initial LL dominant list has been fully
scanned and start the loop anew.

[0056] If the symbol is neither POSITIVE or NEGA-
TIVE, then the symbol is tested in step 1126 to deter-
mine if it is the symbol for a ZEROTREE ROOT. If YES,
then the model is updated for the ZEROTREE ROOT
symbol in step 1128 and the system recycled. If NO,
then the model is updated for the ISOLATED ZERO
symbol in Step 1128. The indices of the three children
of the coefficient are each appended to the correspond-
ing dominant list in step 1106, and the system recycles.
[0057] This procedure is repeated for each coefficient
on the LL Dominant List until all coefficient are coded
and the end of the LL Dominant List is detected in step
1124. At that point the three lists of children of the LL
Dominant List coefficient are then concatenated to form
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a single list appended to the Dominant List in step 1132
and the coding process continued as indicated by step
1134 and as illustrated in Fig. 10.

[0058] In Fig. 10 at the start of the decoding process
the dominant list includes the coordinates of the coeffi-
cients from the child Dominant List produced during the
decoding process described with reference to Fig. 9.
The method starts with the step 1202 of fetching the co-
ordinates of the first coefficient on the child Dominant
List followed by the step 1204 of checking the identity
of the Significance Flag. If the flag is TRUE, i.e., the
magnitude of the coefficient is greater than 2T and was
decoded as significant on a previous dominant pass,
then the indices of the four children of the coefficient are
each appended to the corresponding dominant list in
step 1106, as was done at the encoder in step 738. The
system is then cycled through steps 1222 and 1224 to
increment the index on the dominant list, compare indi-
ces to determine whether the initial LL dominant list has
been fully scanned.

[0059] Step 1202 then fetches the next coefficient to
start the next scan. If the flag is not TRUE, i.e. the mag-
nitude of the coefficient is less than 2T, then a symbol
from the arithmetic decoder is decoded in step 1208. In
step 1210 a comparison is made to determine if the end
of the bit stream has been reached. If YES, the decoding
process is complete. If NO, then steps 1212 and 1214
in sequence determine whether the sign bit is POSITIVE
or NEGATIVE. Step 1216 then equates the coefficient
to either +3T/2 or -3T/2 depending upon whether the
sign bit is POSITIVE or NEGATIVE. The model is then
updated for a POSITIVE or NEGATIVE symbol. The po-
sition of the coefficient is then appended to the Subor-
dinate List in step 1218 and the Significance Flag for
this coefficient is then set to TRUE in step 1220. The
indices of the children of the coefficient are appended
to the dominant list in step 1206. The system is then
cycled through steps 1222 and 1224 to increment the
index on the dominant list, compare indices to determine
whether the Dominant List has been fully scanned and
start the loop anew.

[0060] |If the symbol is neither POSITIVE or NEGA-
TIVE, then the symbol is tested in step 1226 to deter-
mine if it is the symbol for a ZEROTREE ROOT. If YES,
then the model is updated for the ZEROTREE ROOT
symbol in step 1228 and the system recycled. If NO,
then the model is updated for the ISOLATED ZERO
symbol in step 1230. The indices of the children of the
coefficient are appended to the dominant list in step
1206 and the system recycles.

[0061] This procedure is repeated for each coefficient
on the child Dominant List and all that are appended dur-
ing the cycling of this process until all coefficients are
decoded and the end of the Dominant List is detected
in step 1224. At that point all the coefficients have been
decoded for that threshold level T. The process contin-
ues as indicated by step 1232 in which the threshold is
cut in half and the system exits to the Subordinate List
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in step 1234, as illustrated in Fig. 11, to increase the
precision of the coefficients which have thus far been
found to be significant. Once the scan Subordinate List
is completed at that threshold, the system returns to the
LL Dominant List and repeats the process illustrated in
Figs. 9 and 10 at the new threshold T/2 until the end of
the list is reached at the lowest threshold used.

[0062] In Fig. 11, the refinement of the value of the
coefficients placed on the Subordinate List have thus far
been found to be significant is carried out at a threshold
level of T/2. The first step 1302 is clearing the Bottom
List, to be defined later. In step 1304 a reference value
S is set equal to Y, the magnitude of the wavelet coeffi-
cient at the coordinates for the first element on the Sub-
ordinate List. In step 1306 the coordinates of the next
coefficient on the Subordinate List are fetched. In step
1308, the magnitude Y for the coefficient is obtained
from the Subordinate List. In step 1310, the value Y is
compared to S. If equal, then the symbol from the arith-
metic coder is decoded.

[0063] In step 1312, the bit stream is then checked to
determine if the end of the stream has been reached. If
NO, the symbol is checked in step 1316 to determine if
the symbol is a "1". If YES, then the model is updated
for the "1" symbol in step 1320 and T/2 is added to the
magnitude of the current coefficient in the output wave-
let transform array in step 1322. If NO, then the model
is updated for the "0" symbol in step 1326, the coefficient
is moved to the Bottom List in step 1328 and T/2 is sub-
tracted from the magnitude of the current coefficient in
the output wavelet transform array in step 1330.
[0064] Aifter step 1322 or 1330, the system then cy-
cles through steps 1332 and 1334 to increment the in-
dex on the dominant list and determine whether the end
of the Subordinate List has been been reached, respec-
tively. If NO, then the coordinates of the next coefficient
are fetched in step 1306 and the loop started anew. If
YES, the entire Bottom List is appended to the Subor-
dinate List. Step 1338 the returns the system to decoder
1008 of Fig. 8 and corresponding step 1102 of Fig. 9 to
start a new scan of the LL Dominant List at threshold T.
[0065] An efficient means for generating a map to
identify ZEROTREE ROOTS in the context of succes-
sive-approximation, zerotree coding of wavelet coeffi-
cients is used in the method according to an embodi-
ment of the invention. For each wavelet coefficient hav-
ing descendants, a bitmask is generated which indi-
cates whether there are any significant descendents
corresponding to each power of two value of the thresh-
old. The collection of bitmasks is called a zerotree map.
Preferably, all operations using the zerotree map use
only simple bitwise operations (LEFT SHIFT, RIGHT
SHIFT, OR, AND).

[0066] The zerotree map is used in conjunction with
successive-approximation coding and zerotree coding
of wavelet coefficients as follows:

thresholds i.e.,

1) Al are powers of 2,
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1,2,4,8,16,32,64,128, efc.

2) Once a coefficient is found to be significant, for
the purpose of determining whether an ancestor is
a ZEROTREE ROOT on later dominant passes at
smaller threshold, its value shall be considered ze-
ro.

[0067] An element on a zerotree map has a "1" in the
bit position corresponding to the current threshold if it
has a descendant that will first be determined to be sig-
nificant at the current threshold and thus cannot be a
ZEROTREE ROOT, or is first determined to be signifi-
cant at the current threshold. An element on a zerotree
map has a "0" in the bit position otherwise.

[0068] For each wavelet coefficient that has descend-
ants, there is a corresponding zerotree map element. In
the course of encoding dominant passes, when a coef-
ficient on the dominant list is found to be insignificant,
and not the descendant of a ZEROTREE ROOT at the
current threshold, the zerotree map value and the cur-
rent threshold are bitwise ANDed, which effectively polls
the bit position in the zerotree map corresponding to the
current threshold. If the result of the bitwise AND oper-
ation is non-zero, an ISOLATED ZERO symbol is en-
coded indicating the presence of at least one descend-
ant that will first be found significant during the current
dominant pass. If the result of the bitwise AND operation
is zero, then a ZEROTREE ROOT symbol is encoded
indicating that no additional symbols are required for
any descendants at the current threshold.

[0069] The zerotree map is generated prior to any en-
coding as illustrated by means 104 for computing the
zerotree map 106 in Fig. 3. In the generation of the ze-
rotree map, there is one element corresponding to each
wavelet coefficient, including those with no descend-
ants. Once the entire zerotree map is generated, the
memory used to hold the zerotree map values for the
coefficients with no descendants can be de-allocated.
[0070] The following operations are performed inde-
pendently for each element individually:

1 The magnitude of each wavelet coefficient in the
wavelet transform (subband decomposition) is cop-
ied into the array for the zerotree map.

2 All bits in the zerotree map's copy except the most
significant "1" bit for each wavelet coefficient are set
to zero. This causes each zerotree map value to be
the largest power-of-two smaller than the magni-
tude of the corresponding coefficient. This value is
referred to as the initial zerotree map value. It can
be computed by Right Shifting (shifting all bits to the
rightin abinary representation of the value) until the
value is 1 and then Left Shifting back to the correct
position,where new bits added during the shifts are
always "0".

[0071] The actual zerotree map value Z is defined as
the bitwise OR operation between the initial zerotree
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map value of itself and the initial zerotree map value of
all of its descendants. To determine this efficiently, the
actual zerotree map value for a child is always deter-
mined before that of its parent. The actual zerotree map
value of the parent is set equal to the bitwise OR of the
initial zerotree map value of the parent and the actual
zerotree map value of its children, which would have al-
ready been determined. Thus, this computation begins
in the highest frequency subband whose coefficients
have children, i.e. LH2, HL2, and HH2 in Fig. 1, and con-
tinues to lower frequency subbands until the entire ze-
rotree map is complete. Thus, using the bitwise OR op-
eration, a bit position in Z is "1" when either its corre-
sponding coefficient or any of its descendants has their
most significant "1" bit at that position.

[0072] It is to be understood that the apparatus and
method of operation for encoding and decoding infor-
mation taught herein are illustrative of embodiments of
the invention. Modifications may readily be devised by
those skilled in the art without departing from the scope
of the invention as defined by the appended claims.
While the various embodiments have been described in
terms of two dimensional images, it is to be understood
that other types of information and other types of data
compression schemes may be used.

Claims

1. Adigital compression encoder responsive to an ar-
ray of a relatively large number of multibit coeffi-
cients defining image data at a relatively high reso-
lution that has been hierarchical subband decom-
posed by a wavelet transform at a given plurality of
lower resolutions, whereby the lowest low (LL) sub-
band comprises an array having the smallest
number of multibit coefficients of all the wavelet-
transform subband arrays, each LL subband multi-
bit coefficient comprises an ancestor of all multibit
coefficients of all higher subbands descended from
that LL subband multibit coefficient, and each of
said multibit coefficients of said LL subband and
said multibit coefficients of said descendents there-
of includes a most significant bit; said digital com-
pression encoder being characterized in that it com-
prises:

means responsive to each multibit coefficient
of said LL subband and said multibit coeffi-
cients of all of its descendents of said wavelet
transform for deriving a zerotree map, wherein
said zerotree map includes a zerotree-map
multibit coefficient corresponding to each coef-
ficient of said LL subband array, and each ze-
rotree-map coefficient has a binary "1" value in
a bit position thereof only if either its corre-
sponding LL-subband-array coefficient itself or
any of the descendents of its corresponding LL-
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subband-array coefficient has its most signifi-
cant bit in that bit position; and

coding means for deriving a data-compressed
code, wherein said coding means starts with a
list of coordinates of a relatively small number
of coefficients of said LL subband of said array
and a relatively high initial threshold value to
sequentially derive said data-compressed code
from the multibit coefficients of the LL wavelet-
transform subband and the multibit coefficients
of the zerotree-map first at said relatively high
initial threshold value and then at one or more
successively lower threshold values.

2. The encoder of Claim 1, wherein:

at least certain ordinally-arrranged bits of each
multibit coefficient of said LL subband and each
multibit coefficient of its descendents defines
the magnitude of that coefficient, a first of said
ordinally-arranged bits corresponds to the
magnitude of said most significant bit, and each
other of of said ordinally-arrranged bits corre-
sponds to one-half the magnitude of its imme-
diately preceding bit;

said initial threshold value is equal to one-half
the largest zerotree-map value as represented
by the most significant bit of all the bits of all the
zerotree-map multibit coefficients; and

each of said successively lower threshold val-
ues is equal to one-half of its immediately pre-
ceding threshold value.

3. Theencoderof Claim 1, wherein said coding means
comprises:

first cyclically-operated logic means succes-
sively responsive to each of dominant lists of
coordinates of multibit coefficients and each of
said threshold values for deriving a subordinate
list of coordinates of multibit coefficients during
each cycle of operation thereof;

second cyclically-operated logic means suc-
cessively responsive to each of subordinate
lists of coordinates of multibit coefficients de-
rived by said first cyclically-operated logic
means and a current one of of said threshold
values for deriving a dominant list of coordi-
nates of multibit coefficients during each cycle
of operation thereof, which derived dominant
list is for use during a subsequent cycle of op-
eration of said first cyclically-operated logic
means;

arithmetic coding means for continuously gen-
erating a more accurate model of said data-
compressed code in response to data supplied
thereto which is derived during each cycle of
operation of said first logic means and in re-
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sponse to data supplied thereto which is de-
rived during each cycle of operation of said sec-
ond logic means; and

said list of coordinates of said relatively small
number of coefficients of said LL subband of
said array comprises a starting dominant list of
coordinates of multibit coefficients and said rel-
atively high initial threshold value comprises
the threshold value which are used during the
first cycle of operation of said first logic means.

4. The encoder of Claim 3, wherein each wavelet
transform multibit coefficient includes a significance
flag bit that is initially set to signify FALSE, and said
first logic means comprises:

means for comparing, in turn, the absolute
magnitude Ixl of each individual coefficient ad-
dressed by said dominant list of coordinates
during the current cycle of operation of said first
logic means with said threshold value T during
that current cycle of operation of said first logic
means to (1), if | x | > T. append the magnitude
X of that coefficient to a subordinate list and
then set the magnitude of that coefficient itself
to zero and the significance flag bit to TRUE,
(2), if IxI £ T and the significance flag bit is
FALSE, employing the corresponding zerotree-
map value to define data indicative of whether
that coefficient is an ISOLATED ZERO or a ZE-
ROTREE ROOT, whereby that data may be
used by said arithmetic coding means to (3)
generate an ISOLATED ZERO symbol code in
response to said first logic means determining
a coefficient to be an ISOLATED ZERO and
generate a ZEROTREE ROOT symbol code in
response to said first logic means determining
acoefficienttobe a ZEROTREE ROOT, and (4)
using the ISOLATED ZERO symbol code to up-
date said model for an ISOLATED ZERO and
using the ZEROTREE ROOT symbol code to
update said model for a ZEROTREE ROOT,
index appending means operative, unless said
first logic means has determined that coeffi-
cient to be a ZEROTREE ROOT, following the
comparison by said first logic means during the
first cycle operation thereof of each individual
coefficient for appending the index of each of
the three children of that coefficient of the start-
ing dominant list to a separate one of three cor-
responding new dominant lists, and following
the comparison by said first logic means during
the each subsequent cycle operation thereof of
each individual coefficient for appending the in-
dex of the children of that coefficient of the cur-
rent dominant list to a new dominant list for use
during the next cycle of operation of said first
logic means; and
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means effective after all the individual coeffi-
cients addressed by the starting dominant list
of coordinates have been operated on during
the first cycle of operation of said first logic
means for concatenating the three correspond-
ing new dominant lists into a single dominant
list for use during the second cycle of operation
of said first logic means, and effective after all
the individual coefficients addressed by the cur-
rent dominant list of coordinates have been op-
erated on during each subsequent cycle of op-
eration of said first logic means for cutting the
threshold value to the next lower one of said
successively lower threshold values and initiat-
ing a cycle of operation of said second logic
means.

5. The encoder of Claim 3, wherein said second logic

means comprises:

means for establishing a bottom list of coordi-
nates of multibit coefficients which is initially
cleared; and

initial means for determining the magnitude W
by which a first coefficient on the subordinate
list exceeds the current threshold value.
means associated with each of said first and
second logic means for updating said bit budget
on each cycle of operation thereof and for ter-
minating operation thereof if the bit budget is
exceeded.

6. A digital compression decoder for reconstructing

image data from a bit stream comprising data bits
of arithmetic-coded symbols that define coefficient
models for an array of multibit coefficients of wave-
let-transformed hierarchical decomposed sub-
bands of said image data; wherein said decoder has
an a priori knowledge of the protocol for the order
in which the wavelet-transformed multibit coeffi-
cients of said array were scanned on compression
so that a list of the coordinates of the multibit coef-
ficients of the lowest low (LL) wavelet-transformed
subband of said array are predetermined; said dig-
ital compression decoder being characterized in
that it comprises:

data decoding means responsive to said data
bits applied thereto for deriving the data values
of said wavelet-transformed multibit coeffi-
cients from said arithmetic-coded symbols that
starts with a list of coordinates of said relatively
small number of multibit coefficients of said LL
subband of said array and a relatively high ini-
tial threshold value to sequentially derive the
values of said wavelet-transformed multibit co-
efficients first at said relatively high initial
threshold value and then at one or more suc-

10

15

20

25

30

35

40

45

50

55

12

cessively lower threshold values.

7. The decoder of Claim 6, wherein:

each of said successively lower threshold val-
ues is equal to one-half of its immediately pre-
ceding threshold value.

8. Thedecoderof Claim 6, wherein said data decoding

means comprises:

setting means for initially setting the magnitude
of each of the values of said wavelet-trans-
formed multibit coefficients of said array to ze-
ro;
arithmetic decoding means for decoding said
arithmetic-coded symbols;

first cyclically-operated logic means succes-
sively responsive to each of dominant lists of
coordinates of multibit coefficients, certain de-
coded symbols, and each of said threshold val-
ues for deriving a subordinate list of coordi-
nates of multibit coefficients and updating mod-
els of the values of said wavelet-transformed
multibit coefficients of said array during each
cycle of operation thereof;

second cyclically-operated logic means suc-
cessively responsive to each of subordinate
lists of coordinates of multibit coefficients de-
rived by said first cyclically-operated logic
means, other decoded symbols, and a current
one of of said threshold values for deriving a
dominant list of coordinates of multibit coeffi-
cients and updating models of the values of
said wavelet-transformed multibit coefficients
of said array during each cycle of operation
thereof during each cycle of operation thereof,
which derived dominant list is for use during a
subsequent cycle of operation of said first cy-
clically-operated logic means; and

said list of coordinates of a relatively small
number of coefficients of said LL subband of
said array comprises a starting dominant list of
coordinates of multibit coefficients and said rel-
atively high initial threshold value comprises
the threshold value which are used during the
first cycle of operation of said first logic means.

The decoder of Claim 8, wherein each wavelet
transform multibit coefficient of said array includes
a significance flag bit that is initially set to signify
FALSE by said settingmeans, and wherein said first
logic means comprises:

means responsive to the setting of said signif-
icance flag bit being FALSE for determining, in
turn, for the decoded symbol corresponding to
each individual coefficient addressed by said
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dominant list of coordinates during the current
cycle of operation of said first logic means is an
ISOLATED ZERO symbol, a ZEROTREE
ROOT symbol or is neither; if neither, put a val-
ue equal to 3/2 of the threshold value T during
that cycle in the corresponding coefficient of an
output map, append coordinates of that coeffi-
cient to said subordinate list and set signifi-
cance flag to TRUE; if an ISOLATED ZERO
symbol, update model for ISOLATED ZERO
symbol; and if a ZEROTREE ROOT symbol,
update model for ZEROTREE ROOT symbol;
index appending means operative only if said
significance flag is TRUE or the decoded sym-
bol has been determined to be other than a ZE-
ROTREE ROOT symbol for appending the in-
dex of each of the three children of that coeffi-
cient of the starting dominant list to a separate
one of three corresponding new dominant lists,
and following the comparison by said first logic
means during the each subsequent cycle oper-
ation thereof of each individual coefficient for
appending the index of the children of that co-
efficient of the current dominant list to a new
dominant list for use during the next cycle of
operation of said first logic means; and
means effective after all the individual coeffi-
cients addressed by the starting dominant list
of coordinates have been operated on during
the first cycle of operation of said first logic
means for concatenating the three correspond-
ing new dominant lists into a single dominant
list for use during the second cycle of operation
of said first logic means, and effective after all
the individual coefficients addressed by the cur-
rent dominant list of coordinates have been op-
erated on during each subsequent cycle of op-
eration of said first logic means for cutting the
threshold value to the next lower one of said
successively lower threshold values and initiat-
ing a cycle of operation of said second logic
means.

10. The decoder of Claim 6, wherein said bit stream

comprises both said data bits and header bits de-
fining image dimensions, said initial threshold value
and the number of wavelet scales, and said decod-
ing means further comprises:

means for separating the header bits from said
data bits and decoding said header bits to de-
rive separate header multibit coefficients in-
cluding ones that respectively define said im-
age dimensions, said initial threshold value and
the number of wavelet scales; and

means for applying said separate multibit coef-
ficients as inputs to said data decoding means.
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11. Amethod for deriving a zerotree map for use in dig-

itally compression encoding an array of a relatively
large number of multibit coefficients defining image
data at a relatively high resolution that has been hi-
erarchical subband decomposed by a wavelet
transform at a given plurality of lower resolutions,
whereby the lowest low (LL) subband comprises an
array having the smallest number of multibit coeffi-
cients of all the wavelet-transform subband arrays,
each LL subband multibit coefficient comprises an
ancestor of all multibit coefficients of all higher sub-
bands descended from that LL subband multibit co-
efficient, and each of said multibit coefficients of
said LL subband and said multibit coefficients of
said descendents thereof includes a most signifi-
cant bit; said method being characterized by the
step of:

generating a separate zerotree-map multibit
coefficient corresponding to each coefficient of
said LL subband array such that each zerotree-
map coefficient has a binary "1" value in a bit
position thereof only if either its corresponding
LL-subband-array coefficient itself or any of the
descendents of its corresponding LL-subband-
array coefficient has its most significant bit in
that bit position.

12. Asystem comprising an encoder according to claim

1 and a decoder according to claim 6,

said encoder being for generating a digital com-
pressed code in response to an array of a rel-
atively large number of multibit coefficients de-
fining image data at a relatively high resolution
that has been hierarchical subband decom-
posed by a wavelet transform at a given plural-
ity of lower resolutions, whereby the lowest low
(LL) subband comprises an array having the
smallest number of multibit coefficients of all
the wavelet-transform subband arrays, each LL
subband multibit coefficient comprises an an-
cestor of all multibit coefficients of all higher
subbands descended from that LL subband
multibit coefficient, and each of said multibit co-
efficients of said LL subband and said multibit
coefficients of said descendents thereof in-
cludes a most significant bit; and

said decoder being for decoding the digital
compressed code generated by said encoder;
wherein:

said encoder includes

means responsive to each multibit coefficient
of said LL subband and said multibit coeffi-
cients of all of its descendents of said wavelet
transform for deriving a zerotree map, wherein
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said zerotree map includes a zerotree-map
multibit coefficient corresponding to each coef-
ficient of said LL subband array, and each ze-
rotree-map coefficient has a binary "1" value in
a bit position thereof only if either its corre-
sponding LL-subband-array coefficient itself or
any of the descendents of its corresponding LL-
subband-array coefficient has its most signifi-
cant bit in that bit position, and

coding means for deriving a data-compressed
bit stream comprising data bits of arithmetic-
coded symbols, wherein said coding means
starts with a list of coordinates of said relatively
small number of coefficients of said LL subband
of said array and a relatively high initial thresh-
old value to sequentially derive said data-com-
pressed code from the multibit coefficients of
the wavelet-transform subband and the multibit
coefficients of the zerotree-map first at said at
said relatively high initial threshold value and
then at one or more successively lower thresh-
old values; and

said decoder includes

data decoding means responsive to said data
bits of said arithmetic-coded symbols of said
data-compressed bit stream applied thereto for
deriving the data values of said wavelet-trans-
formed multibit coefficients from said arithme-
tic-coded symbols that starts with a list of a pri-
ori known coordinates of said relatively small
number of multibit coefficients of said LL sub-
band of said array and a relatively high initial
threshold value to sequentially derive the val-
ues of said wavelet-transformed multibit coeffi-
cients first at said relatively high initial threshold
value and then at one or more successively
lower threshold values.

Patentanspriiche

1.

Ein digitaler Kodierer zum Komprimieren, der auf
ein Datenfeld mit einer relativ groBen Anzahl von
Multibitkoeffizienten anspricht, die bei einer relativ
hohen Auflésung Bilddaten definieren, die bei einer
gegebenen Mehrzahl geringerer Aufldsungen
durch eine Wavelet-Transformation hierarchisch
subband zerlegt wurden, wobei das niedrigste nied-
rige (LL) Subband ein Datenfeld umfaBt, das die
kleinste Anzahl von Multibitkoeffizienten von allen
Wavelet-Transformations-Subbanddatenfeldern

beinhaltet, jeder LL Subband Multibitkoeffizient ei-
nen Vorganger von allen Multibitkoeffizienten von
allen hoheren Subbands umfaBt, dem der LL Sub-
band Multibitkoeffizient nachfolgt, und jeder der
Multibitkoeffizienten des LL Subbands und jeder
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der Multibitkoeffizienten des Nachfolgers ein
héchstwertiges Bit umfaBt, und wobei der digitale
Kodierer zum Komprimieren dadurch gekennzeich-
net ist, daB3 er folgendes umfaBt:

ein Mittel, das zum Ableiten eines zerotree-Ab-
bilds auf jeden Multibitkoeffizienten des LL
Subbands und auf die Multibitkoeffizienten von
all dessen Nachfolgern der Wavelet-Transfor-
mation anspricht, wobei das zerotree-Abbild ei-
nen zerotree-Abbild-Multibitkoeffizienten um-
faBt, der jedem Koeffizienten des LL Subband-
Datenfelds entspricht, und jeder zerotree-Ab-
bildkoeffizient nur dann einen binaren "1"-Wert
in einer Bit-Position davon aufweist, wenn ent-
weder sein korrespondierender LL Subband-
Datenfeldkoeffizient selbst oder einer der
Nachfolger seines korrespondierenden LL
Subband-Datenfeldkoeffizienten sein héchst-
wertiges Bit in dieser Bit-Position hat; und

ein Kodiermittel zum Ableiten eines datenkom-
primierten Codes, wobei das Kodiermittel mit
einer Liste von Koordinaten mit einer relativ
kleinen Anzahl von Koeffizienten des LL Sub-
bands des Datenfelds und einem am Anfang
relativ hohen Schwellenwert beginnt, um den
datenkomprimierten Code sequentiell aus den
Multibitkoeffizienten des LL Wavelet-Transfor-
mations-Subbands und aus den Multibitkoeffi-
zienten des zerotree-Abbilds zuerst bei dem
am Anfang relativ hohen Schwellenwert und
dann bei einem oder mehreren sukzessiv nied-
rigeren Schwellenwerten abzuleiten.

2. Kodierer nach Anspruch 1, wobei

zumindest bestimmte, geordnet angeordnete
Bits jedes Multibitkoeffizienten des LL Sub-
bands und jedes Multibitkoeffizienten seiner
Nachfolger die GréBe des Koeffizienten defi-
nieren, ein erstes der geordnet angeordneten
Bits der GréBe des hdéchstwertigen Bits ent-
spricht und jedes andere der geordnet ange-
ordneten Bits der Halfte der GréBe seines un-
mittelbar vorausgehenden Bits entspricht;

der Schwellenwert am Anfang gleich der Halfte
des gréBten zerotree-Abbildwerts ist, wie er
durch das héchstwertige Bit aller Bits von allen
zerotree-Abbild-Multibitkoeffizienten  darge-
stellt wird; und

jeder der sukzessiv niedrigeren Schwellenwer-
te gleich der Halite des unmittelbar vorausge-
henden Schwellenwerts ist.

3. Kodierer nach Anspruch 1, wobei das Kodiermittel
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umfaBt:

ein erstes zyklisch betriebenes logisches Mit-
tel, das sukzessiv auf jede von dominanten Li-
sten von Koordinaten von Multibitkoeffizienten
und jeden der Schwellenwerte anspricht, um
wéahrend jedes seiner Betriebszyklen eine un-
tergeordnete Liste von Koordinaten von Multi-
bitkoeffizienten abzuleiten;

ein zweites zyklisch betriebenes logisches Mit-
tel, das auf jede von untergeordneten Listen
von Koordinaten von Multibitkoeffizienten, die
durch das erste zyklisch betriebene logische
Mittel abgeleitet wurden, und einen aktuellen
Schwellenwert der Schwellenwerte anspricht,
um wahrend jedes seiner Betriebszyklen eine
dominante Liste von Koordinaten von Multibit-
koeffizienten abzuleiten, wobei die abgeleitete
dominante Liste zur Verwendung wahrend ei-
nes nachfolgenden Betriebszyklus des ersten
zyklisch betriebenen logischen Mittels vorge-
sehen ist;

ein arithmetisches Kodiermittel zum kontinuier-
lichen Erzeugen eines genaueren Modells des
datenkomprimierten Codes als Antwort auf zu-
geflhrte Daten, die wahrend jedes Betriebszy-
klus des ersten logischen Mittels abgeleitet
wurden, und als Antwort auf zugeflhrte Daten,
die wahrend jedes Betriebszyklus des zweiten
logischen Mittels abgeleitet wurden; und

wobei die Liste von Koordinaten der relativ klei-
nen Anzahlvon Koeffizienten des LL Subbands
des Datenfelds eine dominante Startliste von
Koordinaten von Multibitkoeffizienten umfaft
und der relativ hohe Schwellenwert am Anfang
die Schwellenwerte umfaBt, die wahrend des
ersten Betriebszyklus des ersten logischen Mit-
tels benutzt werden.

4. Kodierer nach Anspruch 3, wobei jeder Wavelet-
Transformations-Multibitkoeffizient ein Signifikanz
Flag Bit umfaBt, das zu Anfang auf die Anzeige
FALSE gesetzt wird, und beidem das erste logische
Mittel umfaBt:

ein Mittel zum der Reihe nach Vergleichen der
absoluten GréBe Ixl jedes individuellen Koeffi-
zienten, der von der dominanten Liste von Ko-
ordinaten wahrend des aktuellen Betriebszy-
klus des ersten logischen Mittels adressiert
wird, mit dem Schwellenwert T wahrend des
aktuellen Betriebszyklus des ersten logischen
Mittels um (1), falls Ixl > T, die GréBe Ixl dieses
Koeffizienten einer untergeordneten Liste hin-
zuzufiigen und dann die GréBe dieses Koeffi-
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zienten selbst auf Null und das Signifikanz Flag
Bit auf TRUE (2) zu setzen, falls IxI < T und das
Signifikanz Flag Bit FALSE ist, den entspre-
chenden zerotree-Abbildwert anzuwenden, um
Daten zu definieren, die angeben, ob dieser
Koeffizient ein ISOLIERTES ZERO oder eine
ZEROTREE WURZEL ist, wobei diese Daten
von dem arithmetischen Kodiermittel verwen-
det werden kénnen, um (3) einen ISOLIERTEN
ZERO Symbolcode als Antwort auf das erste
logische Mittel, das bestimmt, daf3 ein Koeffizi-
ent ein ISOLIERTES ZERO ist, zu erzeugen
und um einen ZEROTREE WURZEL Symbol-
code als Antwort auf das erste logische Mittel,
das bestimmt, daB ein Koeffizient eine ZE-
ROTREE WURZEL ist, zu erzeugen und (4)
den ISOLIERTEN ZERO Symbolcode zu be-
nutzen, um das Modell fiir ein ISOLIERTES ZE-
RO zu aktualisieren und den ZEROTREE
WURZEL Symbolcode zu benutzen, um das
Modell fur eine ZEROTREE WURZEL zu ak-
tualisieren;

ein Mittel zum Hinzufligen eines Indexes, das
wirksam ist, auBer wenn das erste logische Mit-
tel einen Koeffizienten als ZEROTREE WUR-
ZEL bestimmt hat, nach dem Vergleich jedes
individuellen Koeffizienten mittels des ersten
logischen Mittels whrend des ersten Betriebs-
zyklus davon zum Hinzufligen des Indexes je-
des derdrei Séhne dieses Koeffizienten der do-
minanten Startliste zu einer separaten von drei
entsprechenden neuen dominanten Listen,
und nach dem Vergleich jedes individuellen Ko-
effizienten mittels des ersten logischen Mittels
wéahrend jedes nachfolgenden Betriebszyklus
davon zum Hinzufligen des Indexes der Séhne
dieses Koeffizienten der aktuellen dominanten
Liste zu einer neuen dominanten Liste flr die
Verwendung wahrend des nachsten Betriebs-
zyklus des ersten logischen Mittels; und

ein Mittel, das wirksam ist, nachdem alle indi-
viduellen Koeffizienten, die von der dominan-
ten Startliste von Koordinaten adressiert wer-
den, wahrend des ersten Betriebszyklus des
ersten logischen Mittels zum Verketten der drei
entsprechenden neuen dominanten Listen in
eine einzige dominante Liste fur die Verwen-
dung wahrend des zweiten Betriebszyklus des
ersten logischen Mittels bearbeitet wurden und
das wirksam ist, nachdem alle individuellen Ko-
effizienten, die von der aktuellen dominanten
Liste von Koordinaten adressiert wurden, wah-
rend jedes nachfolgenden Betriebszyklus des
ersten logischen Mittels zum Kirzen des
Schwellenwerts auf den nachst niedrigeren der
sukzessiv niedrigeren Schwellenwerte und
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zum Initileren eines Bearbeitungszyklus des
zweiten logischen Mittels bearbeitet wurden.

5. Kodierer nach Anspruch 3, wobei das zweite logi-

sche Mittel umfaBt:

ein Mittel zum Erstellen einer Grundliste von
Koordinaten von Multibitkoeffizienten, die am
Anfang geldscht ist; und

ein anfangliches Mittel zum Bestimmen der
GréBe W, um den ein erster Koeffizient der un-
tergeordneten Liste den aktuellen Schwellen-
wert Uberschreitet; und

ein Mittel, das mit dem ersten und zweiten lo-
gischen Mittel assoziiert ist, um das Bit-Budget
wéahrend jedes Betriebszyklus davon zu aktua-
lisieren und um dessen Betrieb zu beenden,
wenn das Bit-Budget Uberschritten ist.

Digitaler Dekodierer zum Komprimieren zum Wie-
derherstellen von Bilddaten aus einer Bit-Reihe, die
Datenbits von arithmetisch kodierten Symbolen
umfaBt, die ein Koeffizientenmodell fiir ein Daten-
feld von Multibitkoeffizienten von Wavelet-transfor-
mierten, hierarchisch zerlegten Subbands der Bild-
daten definieren, wobei dem Dekodierer im voraus
die im Protokoll festgelegte Reihenfolge bekannt
ist, in der die Wavelet-transformierten Multibitkoef-
fizienten des Datenfelds bei der Komprimierung
gescannt wurden, so daf3 eine Liste der Koordina-
ten der Multibitkoeffizienten des niedrigsten niedri-
gen (LL) Wavelet-transformierten Subbands des
Datenfelds vorherbestimmt ist; und wobei der digi-
tale Dekodierer zum Komprimieren dadurch ge-
kennzeichnet ist, dafB3 er folgendes umfaft:

ein Datendekodiermittel, das auf dazu zuge-
fahrte Datenbits anspricht, um aus den arith-
metisch kodierten Symbolen die Datenwerte
der Wavelet-transformierten Multibitkoeffizien-
ten abzuleiten, wobei mit einer Liste von Koor-
dinaten der relativ kleinen Anzahl von Multibit-
koeffizienten des LL Subbands des Datenfelds
und einem relativ hohen Schwellenwert am An-
fang begonnen wird, um zuerst bei dem relativ
hohen Schwellenwert am Anfang und dann bei
einem oder mehreren sukzessiv niedrigeren
Schwellenwerten die Werte der Wavelet-trans-
formierten Multibitkoeffizienten sequentiell ab-
zuleiten.

Dekodierer nach Anspruch 6, in dem jeder der suk-
zessiv niedrigeren Schwellenwerte gleich der Half-
te seines unmittelbar vorausgehenden Schwellen-
werts ist.
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8. Dekodierer nach Anspruch 6, in dem das Mittel zum

Dekodieren von Daten umfaft:

ein Einstellmittel zum Einstellen der GréBe je-
des der Werte der Wavelet-transformierten
Multibitkoeffizienten des Datenfelds am Anfang
auf Null;

ein arithmetisches Dekodiermittel zum Deko-
dieren der arithmetisch kodierten Symbole;

ein erstes zyklisch betriebenes logisches Mit-
tel, das zum Ableiten einer untergeordneten Li-
ste von Koordinaten von Multibitkoeffizienten
und zum Aktualisieren von Modellen der Werte
der Wavelet-transformierten Multibitkoeffizien-
ten des Datenfelds wahrend jedes Betriebszy-
klus davon auf jede dominante Liste von Koor-
dinaten von Multibitkoeffizienten, bestimmte
dekodierte Symbole und jeden der Schwellen-
werte anspricht;

ein zweites zyklisch betriebenes logisches Mit-
tel, das zum Ableiten einer dominanten Liste
von Koordinaten von Multibitkoeffizienten und
zum Aktualisieren von Modellen der Werte der
Wavelet-transformierten  Multibitkoeffizienten
des Datenfelds wahrend jedes Betriebszyklus
davon auf jede untergeordnete Liste von Koor-
dinaten von Multibitkoeffizienten anspricht, die
aus dem ersten zyklisch betriebenen logischen
Mittel, anderen dekodierten Symbolen und ei-
nem aktuellen Wert der Schwellenwerte abge-
leitet wurden, wobei die abgeleitete dominante
Liste zur Verwendung wahrend eines nachfol-
genden Betriebszyklus des ersten zyklisch be-
triebenen logischen Mittels vorgesehen ist; und

wobei die Liste von Koordinaten einer relativ
geringen Anzahl von Koeffizienten des LL Sub-
bands des Datenfelds eine dominante Startliste
von Koordinaten von Multibitkoeffizienten um-
faBt und der relativ hohe Schwellenwert am An-
fang die Schwellenwerte umfaft, die wahrend
des ersten Betriebszyklus des ersten logischen
Mittels verwendet werden.

Dekodierer nach Anspruch 8, wobei jeder Wavelet-
transformierte Multibitkoeffizient des Datenfelds ein
Signifikanz Flag Bit umfaBt, das durch das Einstell-
mittel am Anfang auf die Anzeige FALSE gesetzt
wird, und wobei das erste logische Mittel umfaft:

ein Mittel, das auf das Setzen des Signifikanz
Flag Bits auf den Wert FALSE anspricht, umder
Reihe nach zu bestimmen, ob das dekodierte
Symbol, das jedem individuellen Koeffizienten
entspricht, der wahrend des aktuellen Betriebs-
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zyklus des ersten logischen Mittels von der do-
minanten Liste von Koordinaten adressiert
wird, ein ISOLIERTES ZERO Symbol, ein ZE-
ROTREE WURZEL Symbol oder keines von
beiden ist; falls keines von beidem, wird ein
Wert gesetzt, der gleich 3/2 des Schwellen-
werts T wahrend dieses Zyklus in dem entspre-
chenden Koeffizienten eines Ausgabeabbilds
ist, werden Koordinaten dieses Koeffizienten
der untergeordneten Liste hinzugefigt und Si-
gnifikanz Flags auf TRUE gesetzt; falls es sich
um ein ISOLIERTES ZERO Symbol handelt,
wird das Modell fir ein ISOLIERTES ZERO
Symbol aktualisiert; undfalls es sich um ein ZE-
ROTREE WURZEL Symbol handelt, wird das
Modell fir ein ZEROTREE WURZEL Symbol
aktualisiert;

ein Mittel zum Hinzuflgen eines Indexes, das
nur wirkt, wenn das Signifikanz Flag gleich
TRUE ist oder bestimmt wurde, daB das deko-
dierte Symbol ein anderes als ein ZEROTREE
WURZEL Symbol ist, zum Hinzufligen des In-
dexes jedes der drei Séhne dieses Koeffizien-
ten der dominanten Startliste zu einer separa-
ten Liste von drei entsprechenden neuen domi-
nanten Listen, und nach dem Vergleich jedes
individuellen Koeffizienten mittels des ersten
logischen Mittels wahrend jedes nachfolgen-
den Betriebszyklus davon, zum Hinzufligen
des Indexes der Séhne dieses Koeffizienten
der aktuellen dominanten Liste zu einer neuen
dominanten Liste fur die Verwendung wahrend
des nachsten Betriebszyklus des ersten logi-
schen Mittels; und

ein Mittel, das wirkt, nachdem alle individuellen
Koeffizienten, die von der dominanten Startliste
von Koordinaten wahrend des ersten Betriebs-
zyklus des ersten logischen Mittels zum Verket-
ten der drei entsprechenden neuen dominan-
ten Listen in eine einzige dominante Liste zur
Verwendung wéhrend des zweiten Betriebszy-
klus des ersten logischen Mittels bearbeitet
wurden, adressiert worden sind, und wirkt,
nachdem alle individuellen Koeffizienten, die
von der aktuellen dominanten Liste von Koor-
dinaten wahrend jedes nachfolgenden Be-
triebszyklus des ersten logischen Mittels zum
Kirzen des Schwellenwerts auf den nachst
niedrigeren Schwellenwert der sukzessiv nied-
rigeren Schwellenwerte bearbeitet wurden und
zum Ausldsen eines Betriebszyklus des zwei-
ten logischen Mittels adressiert worden sind.

10. Dekodierer nach Anspruch 6, wobei die Bitreihe so-

wohl| Datenbits als auch Headerbits umfaBt, die
Bilddimensionen, den Schwellenwert am Anfang
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11.

12.

32

und die Anzahl von Wavelet-Skalen definieren, und
das Dekodiermittel ferner umfaBt:

ein Mittel zum Abtrennen der Headerbits von
den Datenbits und zum Dekodieren der Hea-
derbits, um separate Header-Multibitkoeffizien-
ten abzuleiten, einschlieBlich solcher, die je-
weils die Bilddimensionen, den Schwellenwert
am Anfang und die Anzahl von Wavelet-Skalen
definieren; und

ein Mittel zum Zufihren der separaten Multibit-
koeffizienten als Eingang zu dem Datendeko-
diermittel.

Ein Verfahren zum Ableiten eines zerotree-Abbilds
zum Verwenden beim digitalen Kodieren zum Kom-
primieren eines Datenfelds einer relativ groBen An-
zahl von Multibitkoeffizienten, die Bilddaten mit ei-
ner relativ hohen Auflésung definieren, die von ei-
ner Wavelet-Transformation bei einer gegebenen
Mehrzahl von niedrigeren Auflésungen hierar-
chisch subband zerlegt worden sind, wobei das
niedrigste niedrige (LL) Subband ein Datenfeld um-
faBt, das die kleinste Anzahl von Multibitkoeffizien-
ten aller Wavelet-transformierten Subband-Daten-
felder umfaBt, jeder LL Subband Multibitkoeffizient
einen Vorganger von allen Multibitkoeffizienten von
allen hoheren Subbands, die von dem LL Subband
Multibitkoeffizienten nachgefolgt werden, umfaBt
und jeder der Multibitkoeffizienten des LL Sub-
bands und jeder Multibitkoeffizient des darauf nach-
folgenden Multibitkoeffizienten ein héchstwertiges
Bit umfaBt, wobei das Verfahren durch folgende
Schritte gekennzeichnet ist:

Erzeugen eines separaten zerotree-Abbild-
Multibitkoeffizienten, der jedem Koeffizienten
des LL Subband-Datenfelds entspricht, so dafi3
jeder zerotree-Abbildkoeffizient nur einen bina-
ren "1"-Wert in einer Bit-Position davon hat,
wenn entweder sein entsprechender LL Sub-
band Datenfeldkoeffizient selbst oder einer der
Nachfolger seines entsprechenden LL Sub-
band-Datenfeldkoeffizienten sein héchstwerti-
ges Bit in dieser Bit-Position hat.

Ein System umfassend einen Kodierer nach An-
spruch 1 und einen Dekodierer nach Anspruch 6,
welcher Kodierer zum Erzeugen eines digitalen
komprimierten Codes als Antwort auf ein Datenfeld
einer relativ groBen Anzahl von Multibitkoeffizien-
ten vorgesehen ist, die Bilddaten bei einer relativ
hohen Aufldsung definieren, die durch eine Wa-
velet-Transformation mit einer gegebenen Mehr-
zahlvon niedrigeren Auflésungen hierarchisch sub-
band zerlegt wurden, wobei das niedrigste niedrige
(LL) Subband ein Datenfeld umfaf3t, das die klein-
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ste Anzahl von Multibitkoeffizienten von allen Wa-
velet-transformierten Subband-Datenfeldern um-
faBt, jeder LL Subband Multibitkoeffizient einen
Vorgéanger von allen Multibitkoeffizienten von allen
hoheren Subbands, die dem LL Subband Multibit-
koeffizienten nachfolgen, umfaBt, und jeder der
Multibitkoeffizienten des LL Subbands und jeder
Multibitkoeffizient der darauf nachfolgenden Nach-
folger ein héchstwertiges Bit umfafit; und

der Dekodierer zum Dekodieren des von dem
Kodierer erzeugten, digitalen komprimierten
Codes vorgesehen ist, wobei

der Dekodierer ein Mittel umfaft, das auf jeden
Multibitkoeffizienten des LL Subbands und je-
den Multibitkoeffizienten von allen seinen
Nachfolgern der Wavelet-Transformation zum
Ableiten eines zerotree-Abbilds anspricht, wo-
bei das zerotree-Abbild einen zerotree-Abbild
Multibitkoeffizienten umfaBt, der jedem Koeffi-
zienten des LL Subband-Datenfelds entspricht,
und jeder zerotree-Abbild Koeffizient nur dann
einen binaren "1"-Wert in einer Bit-Position da-
von aufweist, wenn entweder sein korrespon-
dierender LL Subband Datenfeldkoeffizient
selbst oder einer der Nachfolger seines ent-
sprechenden LL Subband Datenfeldkoeffizien-
ten sein héchstwertiges Bit in dieser Bit-Positi-
on hat und

ein Kodiermittel zum Ableiten einer datenkom-
primierten Bit-Reihe, die Datenbits von arith-
metisch kodierten Symbolen umfafBt, wobei
das Kodiermittel mit einer Liste von Koordina-
ten der relativ kleinen Anzahl von Koeffizienten
des LL Subbands des Datenfelds und einemre-
lativ hohen Schwellenwert am Anfang beginnt,
um von den Multibitkoeffizienten des Wavelet-
transformierten Subbands und den Multibitko-
effizienten des zerotree-Abbilds zuerst beidem
relativ hohen Schwellenwert am Anfang und
dann bei einem oder mehreren sukzessiv nied-
rigeren Schwellenwerten den datenkompri-
mierten Code sequentiell abzuleiten und

das Dekodiermittel ein Datendekodiermittel
umfaBt, das auf die Datenbits der arithmetisch
kodierten Symbole der dazu zugeflhrten, da-
tenkomprimierten Bit-Reihe anspricht, um die
Datenwerte der Wavelet-transformierten Multi-
bitkoeffizienten von den arithmetisch kodierten
Symbolen abzuleiten, wobei mit einer Liste von
im voraus bekannten Koordinaten der relativ
kleinen Anzahl von Multibitkoeffizienten des LL
Subbands des Datenfelds und einem relativ ho-
hen Schwellenwert begonnen wird, um zuerst
bei dem relativ hohen Schwellenwert die Werte

10

15

20

25

30

35

40

45

50

55

18

der Wavelet-transformierten Multibitkoeffizien-
ten und dann bei einem oder mehreren sukzes-
siv niedrigeren Schwellenwerten sequentiell
abzuleiten.

Revendications

Codeur de compression numérique commandé par
une matrice d'un nombre relativement grand de
coefficients a plusieurs bits délimitant des données
d'image de résolution relativement élevée, ayant
une sous-bande hiérarchique décomposée par une
transformation en ondelettes a plusieurs résolu-
tions plus faibles déterminées, dans lequel la sous-
bande basse inférieure (LL) comprend une matrice
ayant le plus petit nombre de coefficients a plu-
sieurs bits de toutes les matrices de sous-bandes
de transformation en ondelettes, chaque coefficient
a plusieurs bits de sous-bande LL comprenant un
ancétre de tous les coefficients a plusieurs bits de
toutes les sous-bandes supérieures qui descen-
dent de ce coefficient a plusieurs bits de sous-ban-
de LL, et chacun des coefficients a plusieurs bits de
la sous-bande LL et des coefficients a plusieurs bits
de ses descendants comprenant un bit le plus si-
gnificatif, le codeur de compression numérique
étant caractérisé en ce qu'il comprend :

un dispositif commandé par chaque coefficient
aplusieurs bits de la sous-bande LL et les coef-
ficients a plusieurs bits de tous ses descen-
dants de la transformation en ondelettes pour
la dérivation d'une carte a arbre nul, dans le-
quel la carte a arbre nul comprend un coeffi-
cient a plusieurs bits de carte & arbre nul cor-
respondant & chaque coefficient de la matrice
de sous-bande LL, et chaque coefficient de car-
te & arbre nul a une valeur binaire "1" dans une
position de bit uniquement si le coefficient cor-
respondant de matrice de sous-bandes LL lui-
méme ou I'un quelconque des descendants de
son coefficient correspondant de matrice de
sous-bandes LL a son bit le plus significatif
dans cette position de bit, et

un dispositif de codage destiné a dériver un co-
de de données comprimées dans lequel le dis-
positif de codage commence avec une liste de
coordonnées d'un nombre relativement petit de
coefficients de la sous-bandé LL de la matrice
etune valeur relativement élevée de seuil initial
pour la dérivation séquentielle du code de don-
nées comprimées a partir des coefficients a
plusieurs bits de la sous-bande de transforma-
tion en ondelettes LL et des coefficients a plu-
sieurs bits de la carte d'arbre nul d'abord a la
valeur de seuil initiale relativement élevée puis
a une ou plusieurs valeurs de seuil successive-
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ment plus basses.

2. Codeur selon la revendication 1, dans lequel :

certains bits au moins arrangés de fagon ordi-
naire appartenant & chaque coefficient a plu-
sieurs bits de la sous-bande LL et chaque coef-
ficient a plusieurs bits de ses descendants dé-
terminent I'amplitude de ce coefficient, un pre-
mier des bits d'arrangement ordinaire corres-
pondant a l'amplitude du bit le plus significatif
et chaque autre bit d'arrangement ordinaire
correspondant a la moitié de I'amplitude du bit
le précédant immédiatement,

la valeur initiale de seuil est égale a la moitié
de la plus grande valeur de carte a arbre nul
représentée par le bit le plus significatif parmi
tous les bits de tous les coefficients a plusieurs
bits de carte a arbre nul, et

chacune des valeurs de seuil successivement
plus basses est égale & la moitié de la valeur
de seuil immédiatement précédente.

3. Codeur selon la revendication 1, dans lequel le dis-
positif de codage comprend :

un premier dispositif logique & commande cy-
clique commandé successivement par chacu-
ne des listes prédominantes de coordonnées
des coefficients & plusieurs bits et chacune des
valeurs de seuil pour la dérivation d'une liste
subordonnée de coordonnées de coefficients &
plusieurs bits pendant chaque cycle de fonc-
tionnement correspondant,

un second dispositif logique & fonctionnement
cyclique commandé successivement par cha-
cune des listes subordonnées de coordonnées
des coefficients a plusieurs bits dérivés par le
premier dispositif logique commandé cyclique-
ment et une valeur actuelle parmi les valeurs
de seuil pour la dérivation d'une liste prédomi-
nante des coordonnées des coefficients a plu-
sieurs bits pendant chaque cycle de fonction-
nement correspondant, la liste prédominante
dérivée étant destinée a étre utilisée pendant
un cycle suivant de fonctionnement du premier
dispositif logique a fonctionnement cyclique,
un dispositif de codage arithmétique destiné a
créer de fagon continue un modéle plus précis
du code a compression de données d'aprés les
données qui lui sont transmises et qui sont dé-
rivées pendant chaque cycle de fonctionne-
ment du premier dispositif logique et en fonc-
tion des données qui lui sont transmises et qui
sont dérivées pendant chaque cycle de fonc-
tionnement du second dispositif logique, et

la liste de coordonnées du nombre relativement
petit de coefficient de la sous-bande LL de la
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matrice comprend une liste prédominante ini-
tiale de coordonnées des coefficients a plu-
sieurs bits et la valeur de seuil initiale relative-
ment élevée comprend la valeur de seuil qui est
utilisée pendant le premier cycle de fonctionne-

ment du premier dispositif logique.

Codeur selon la revendication 3, dans lequel cha-
que coefficient & plusieurs bits de transformation en
ondelettes comprend un bit de drapeau de signifi-
cation qui est levé initialement & un état FALSE, et
le premier dispositif logique comprend :

un dispositif de comparaison, tour a tour, de
I'amplitude absolue Ixl de chaque coefficient in-
dividuel adressé par la liste prédominante de
coordonnées pendant le cycle actuel de fonc-
tionnement du premier dispositif logique a la
valeur de seuil D pendant un cycle actuel de
fonctionnement du premier dispositif logique
afin que (1) si Ixl > T, I'amplitude X de ce coef-
ficient soit annexée a la liste subordonnée puis
I'amplitude de ce coefficient lui-méme soit mise
a zéro et le bit de drapeau de signification soit
mis a TRUE, (2) si IxI < T et le bit de drapeau
de signification est FALSE, I'utilisation de la va-
leur correspondante de la carte d'arbre nul pour
déterminer les données représentatives du fait
que ce coefficient est un zéro isolé ou une ra-
cine d'arbre nul, si bien que les données peu-
vent étre utilisées par le dispositif de codage
arithmétique afin que (8) un code de symbole
de zéro isolé soit créé sous la commande du
premier dispositif logique qui détermine qu'un
coefficient est un zéro isolé et crée un code de
symbole de racine d'arbre nul lorsque le pre-
mier dispositif logique détermine qu'un coeffi-
cient est une racine d'arbre nul, et (4) le code
de symbole de zéro isolé soit utilisé pour la re-
mise a jour du modéle de zéro isolé et que le
code de symbole de racine d'arbre nul soit uti-
lisé pour la remise & jour du modéle pour une
racine d'arbre nul,

un dispositif destiné & annexer un index qui, &
moins que le premier dispositif logique n'ait dé-
terminé que le coefficient est une racine d'arbre
nul, est destiné, aprés la comparaison par le
premier dispositif logique effectué pendant le
premier cycle de fonctionnement de chaque
coefficient individuel, 2 annexer l'index de cha-
cun des trois enfants de ce coefficient de la liste
prédominante initiale a une liste séparée parmi
trois nouvelles listes prédominantes corres-
pondantes et, aprés la comparaison par le pre-
mier dispositif logique dans chaque fonctionne-
ment de cycle ultérieur de chaque coefficient
individuel, 2 annexer l'index des enfants de ce
coefficient de la liste prédominante actuelle a
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une nouvelle liste prédominante destinée a étre
utilisée pendant le cycle suivant de fonctionne-
ment du premier dispositif logique, et

un dispositif destiné, aprés que tous les coeffi-
cients individuels adressés par la liste prédo-
minante initiale de coordonnées ont été traités
pendant le premier cycle de fonctionnement du
premier dispositif logique, a chainer les trois
nouvelles listes prédominantes correspondan-
tes en une seule liste prédominante destinée a
étre utilisée pendant le cycle de fonctionne-
ment du premier dispositif logique, et destiné,
aprés que tous les coefficients individuels
adressés par la liste prédominante actuelle de
coordonnées ont été traités pendant chaque
cycle suivant de fonctionnement du premier
dispositif logique, a couper la valeur de seuil
afin qu'elle forme une nouvelle valeur plus fai-
ble parmi les valeurs de seuil successivement
plus faibles et & déclencher un cycle de fonc-
tionnement du second dispositif logique.

5. Codeur selon la revendication 3, dans lequel le se-

cond dispositif logique comprend :

un dispositif destiné a établir une liste inférieure
de coordonnées de coefficient & plusieurs bits
qui est initialement effacée, et

un dispositif initial destiné a déterminer l'ampli-
tude W par laquelle un premier coefficient de la
liste subordonnée dépasse la valeur actuelle
de seuil, et

un dispositif associé a chacun des premier et
second dispositifs logiques et destiné a remet-
tre & jour le budget des bits & chaque cycle de
fonctionnement et a terminer le fonctionnement
lorsque le budget de bits est dépassé.

Décodeur de compression numérique destiné a re-
construire des données d'image d'un courant de
bits comprenant des bits de données de symbole a
codage arithmétique qui déterminent les modéles
de coefficients pour une matrice de coefficients a
plusieurs bits de sous-bandes décomposées hié-
rarchiquement et transformées en ondelettes des
données d'image, dans lequel le décodeur a une
connaissance a priori du protocole de 'ordre dans
lequel les coefficients a plusieurs bits transformés
en ondelettes de la matrice ont été balayés a la
compression afin qu'une liste des coordonnées des
coefficients & plusieurs bits de la sous-bande infé-
rieure la plus basse transformée en ondelettes (LL)
de la matrice soit déterminée, le décodeur de com-
pression numérique étant caractérisé en ce qu'il
comprend :

un dispositif de décodage de données com-
mandé par les bits de données qui lui sont ap-
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pliqués pour la dérivation des valeurs de don-
nées des coefficients & plusieurs bits transfor-
més en ondelettes a partir des symboles codés
arithmétiquement qui commencent avec une
liste de coordonnées d'un nombre relativement
petit de coefficients a plusieurs bits de la sous-
bande LL de la matrice et une valeur relative-
ment élevée de seuil initiale pour la dérivation
successive des valeurs des coefficients & plu-
sieurs bits transformés en ondelettes d'abord &
la valeur de seuil initiale relativement élevée
puis & une ou plusieurs valeurs de seuil suc-
cessivement plus basses.

7. Décodeur selon la revendication 6, dans lequel :

chacune des valeurs de seuil successivement
plus basses est égale a la moitié de la valeur
de seuil qui la précéde immédiatement.

8. Décodeur selon la revendication 6, dans lequel le

dispositif de décodage de données comprend :

un dispositif de consigne destiné & établir ini-
tialement 'amplitude de chacune des valeurs
des coefficients & plusieurs bits transformés en
ondelettes de la matrice a une valeur nulle,

un dispositif de décodage arithmétique destiné
a décoder les symboles de codage arithméti-
que,

un premier dispositif logique commandé cycli-
quement et successivement en fonction de
chacune des listes prédominantes de coordon-
nées de coefficients a plusieurs bits, certains
symboles décodés et chacune des valeurs de
seuil pour la dérivation d'une liste subordonnée
de coordonnées de coefficients a plusieurs bits
et pour la remise a jour de modéles des valeurs
des coefficients & plusieurs bits transformés en
ondelettes de la matrice pendant chaque cycle
de fonctionnement du dispositif,

un second dispositif logique commandé cycli-
quement et successivement par chacune des
listes subordonnées de coordonnées de coef-
ficients a plusieurs bits dérivés par le premier
dispositif logique commandé cycliquement,
d'autres symboles décodés et une valeur ac-
tuelle des valeurs de seuil pour la dérivation
d'une liste prédominante de coordonnées de
coefficients a plusieurs bits et pour la remise a
jour de modéles des valeurs des coefficients a
plusieurs bits transformés en ondelettes de la
matrice pendant chaque cycle de fonctionne-
ment du dispositif, la liste prédominante déri-
vée étant destinée & étre utilisée pendant un
cycle suivant de fonctionnement du premier
dispositif logique a fonctionnement cyclique, et
la liste des coordonnées d'un nombre relative-
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ment petit des coefficients de la sous-bande LL
de la matrice comprend une liste prédominante
initiale de coordonnées des coefficients a plu-
sieurs bits et la valeur de seuil initiale relative-
ment élevée comprend la valeur de seuil utili-
sée pendant le premier cycle de fonctionne-
ment du premier dispositif logique.

9. Décodeurselon larevendication 8, dans lequel cha-

que coefficient a plusieurs bits transformés en on-
delettes - la matrice comprend un bit de drapeau de
signification qui est levé initialement pour indiquer
FALSE par le dispositif de consigne, et dans lequel
le premier dispositif logique comprend :

un dispositif commandé par la levée du bit de
drapeau de signification & FALSE pour la dé-
termination tour a tour du fait que le symbole
décodé correspondant a chaque coefficient in-
dividuel adressé par la liste prédominante de
coordonnées pendant le cycle actuel de fonc-
tionnement du premier dispositif logique est un
symbole zéro isolé, un symbole racine d'arbre
nul ou aucun d'eux et, s'il s'agit d'un symbole
quin'estaucun d'eux, la mise d'une valeur éga-
le & deux fois la valeur de seuil T pendant ce
cycle dans le coefficient correspondant d'une
carte de sortie, I'annexion des coordonnées de
ce coefficient a la liste de subordonnées et la
mise du drapeau de signification & TRUE, s'il
s'agit d'un symbole de zéro isolé, la remise a
jour du modéle pour le symbole de zéro isolé
et s'il s'agit d'un symbole de racine d'arbre nul,
la remise & jour du modéle pour le symbole de
racine d'arbre nul,

un dispositif d'annexion d'index qui ne fonction-
ne que sile drapeau de signification esta TRUE
ou si le symbole décodé a été déterminé com-
me étant différent d'un symbole de racine d'ar-
bre nul pour I'annexion de l'index de chacun
des trois enfants de ce coefficient de la liste pré-
dominante initiale & une liste séparée des trois
nouvelles listes prédominantes correspondan-
tes et, aprés la comparaison par le premier dis-
positif logique pendant le fonctionnement de
chaque cycle suivant de chaque coefficient in-
dividuel, I'annexion de l'index des enfants de
ce coefficient de la liste prédominante actuelle
a une nouvelle liste prédominante destinée a
étre utilisée pendant le cycle suivant de fonc-
tionnement du premier dispcsitif logique, et

un dispositif destiné, aprés que tous les coeffi-
cients individuels adressés par la liste prédo-
minante initiale de coordonnées ont été traités
pendant le premier cycle de fonctionnement du
premier dispositif logique, a chainer les trois
nouvelles listes prédominantes correspondan-
tes en une seule liste prédominante destinée a
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étre utilisée pendant le second cycle de fonc-
tionnement du premier dispositif logique et des-
tiné, aprés que tous les coefficients individuels
adressés par la liste prédominante actuelle de
coordonnées ont été traités pendant chaque
suivant de fonctionnement du premier dispositif
logique, a couper la valeur de seuil a la valeur
inférieure suivante des valeurs de seuil de plus
en plus basses et a déclencher un cycle de
fonctionnement du second dispositif logique.

10. Décodeur selon la revendication 6, dans lequel le

11.

courant de bits comprend a la fois des bits de don-
nées et des bits d'en-téte définissant des dimen-
sions d'image, la valeur de seuil initiale etle nombre
d'échelles d'ondelettes, et le dispositif de décodage
comporte entre outre :

un dispositif destiné a séparer les bits d'en-téte
des bits de données et a décoder les bits d'en-
téte pour la dérivation de coefficients séparés
aplusieurs bits d'en-téte comprenant des coef-
ficients qui définissent respectivement les di-
mensions d'image, la valeur de seuil initiale et
le nombre d'échelles d'ondelettes, et

un dispositif destiné a appliquer les coefficients
séparés a plusieurs bits comme signaux d'en-
trée du dispositif de décodage de données.

Procédé de dérivation d'une carte d'arbre nul des-
tiné & étre utilisé pour un codage de compression
numérique d'une matrice d'un nombre relativement
grand de coefficients a plusieurs bits définissant
des données d'image avec une résolution relative-
ment élevée, qui a été décomposée en sous-ban-
des hiérarchiques par une transformation en onde-
lettes & un nombre déterminé de résolutions infé-
rieures, si bien que la sous-bande basse la plus
basse (LL) comporte une matrice ayant le nombre
le plus petit de coefficients a plusieurs bits de toutes
les matrices de sous-bandes de transformation en
ondelettes, chaque coefficient a plusieurs bits de
sous-bande LL comprenant un ancétre de tous les
coefficients a plusieurs bits de toutes les sous-ban-
des supérieures qui descendent de ce coefficient &
plusieurs bits de sous-bande LL, et chacun des
coefficients a plusieurs bits de la sous-bande LL et
des coefficients a plusieurs bits de ses descendants
comprenant un bit le plus significatif, le procédé
étant caractérisé par |'étape suivante :

la création d'un coefficient séparé a plusieurs
bits de carte d'arbre nul correspondant a cha-
que coefficient de la matrice de sous-bandes
LL afin que chaque coefficient de carte d'arbre
nul ait une valeur binaire "1" dans une position
de bit uniquement si son coefficient correspon-
dant de matrice de sous-bandes LL ou l'un
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quelconque des descendants du coefficient
correspondant de matrice de sous-bandes LL
a son bit le plus significatif dans cette position
de bit.

12. Systéme comprenant un codeur selon la revendi-

cation 1 et un décodeur selon la revendication 6, le
codeur étant destiné a créer un code de compres-
sion numérique en fonction d'une matrice d'un nom-
bre relativement grand de coefficients a plusieurs
bits définissant des données d'image avec une ré-
solution relativement élevée qui a été décomposée
en sous-bandes hiérarchiques par une transforma-
tion en ondelettes & un nombre donné de résolu-
tions plus basses, si bien que la sous-bande basse
la plus basse (LL) comprend une matrice ayant le
plus petit nombre de coefficients & plusieurs bits de
toutes les matrices de sous-bandes transformées
enondelettes, chaque coefficient & plusieurs bits de
sous-bande LL comprenant un ancétre de tous les
coefficients a plusieurs bits de toutes les sous-ban-
des supérieures qui descendent de ce coefficient &
plusieurs bits de sous-bands LL, chacun des coef-
ficients & plusieurs bits de la sous-bande LL et des
coefficients a plusieurs bits de ses descendants
comprenant un bit le plus significatif, et le décodeur
étant destiné a décoder le code comprimé numéri-
quement créé par le codeur, dans lequel :

le codeur comporte

un dispositif commandé par chaque coefficient
aplusieurs bits de la sous-bande LL et les coef-
ficients & plusieurs bits de tous ses descen-
dants de la transformation en ondelettes pour
la dérivation d'une carte d'arbre nul, dans le-
quel la carte d'arbre nul comprend un coeffi-
cient & plusieurs bits de carte d'arbre nul cor-
respondant & chaque coefficient de la matrice
de sous-bande LL, et chaque coefficientde car-
te d'arbre nul a une valeur binaire "1" dans une
position de bit uniquement soit si le coefficient
correspondant de matrice de sous-bandes LL
lui-méme soit si I'un de ses descendants du
coefficient correspondant de matrice de sous-
bandes LL a son bit le plus significatif dans cet-
te position de bit, et un dispositif de codage
destiné a dériver un courant de bits de com-
pression de données comprenant des bits de
données de symboles codés arithmétique-
ment, le dispositif de codage commencant avec
une liste de coordonnées ayant un nombre re-
lativement petit de coefficients de la sous-ban-
de LL de la matrice et une valeur de seuil initiale
relativement élevée pour la dérivation séquen-
tielle du code de compression de données a
partir des coefficients a plusieurs bits de la
sous-bande transformée en ondelettes et des
coefficients a plusieurs bits de la carte d'arbre
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nul d'abord a la valeur de seuil initiale relative-
ment élevée puis a une ou plusieurs valeurs de
seuil successivement plus basses, et

le décodeur comprend

un dispositif de décodage de données com-
mandé par les bits de données des symboles
codés arithmétiquement du courant de bits de
données comprimées appliqué pour la dériva-
tion des valeurs des données des coefficients
a plusieurs bits transformés en ondelettes a
partir des symboles de codage arithmétique
commenc¢ant par une liste de coordonnées
connues a priori d'un nombre relativement petit
de coefficients a plusieurs bits de la sous-ban-
de LL de la matrice et une valeur de seuil initiale
relativement élevée pour la dérivation séquen-
tielle des valeurs des coefficients a plusieurs
bits transformés en ondelettes d'abord a la va-
leur de seuil initiale relativement élevée puis a
une ou plusieurs valeurs de seuil successive-
ment plus basses.
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